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I n tr o d u c t io n
Although i t  had been e s t a b l i s h e d  by 1937 th a t  the  
h e t e r o l y t i c  a d d i t io n  o f  s p e c i e s  such as the  h a lo g e n s  
and h y p o h a l i t e s  to  carbon-carbon dou b le -b on d s p roceed s  
i n  a s t e r e o s p e c i f i c  manner, so th a t  the  e n t e r in g  groups 
are ir a h s  to  each o t h e r ,^ * ^  no work on the  s t e r e o ­
ch em istry  o f  h o m o ly t ic  a d d i t io n  r e a c t io n s  has been done 
u n t i l  com p ara tive ly  r e c e n t l y .  An a p r i o r i  c o n s id e r a t io n  
o f  such a r e a c t io n  l e a d s  one to the  c o n c lu s io n  th a t  th e  
s te r e o c h e m is tr y  o f  the a d d i t io n  p r o c e s s  w i l l  depend on 
th e  s p a t i a l  c o n f ig u r a t io n  o f  the in te r m e d ia te  r a d ic a l  X*
X' + )c  = c (  ---- »
I
Ihe ev id en ce  concern ing  the s te r e o c h e m is tr v  o f  a f r e e -  
r a d ic a l  has r e c e n t ly  been rev iew ed by H in e , and from 
i t  one can draw the c o n c lu s io n  th a t  a f r e e - r a d i c a l  i s  
e i t h e r  p la n a r ,  l i k e  a carbonium io n ,  or e l s e  i s  pyram idal  
w ith  a rap id  in v e r s io n ,  comparable to  ammonia. On t h i s  
b a s i s ,  one would ex p ect  the a d d it io n  r e a c t io n  to be non-
>?— ?<
B'
or AB
A
>c— c< 
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2s t e r e o s p e c i f i c , u n le s s  some s p e c ia l  e f f e c t ,  such as
the form a tio n  o f  a n o n - c l a s s i c a l  r a d i c a l ,  were o p e r a t in g .
She f i r s t  ev id en ce  o f  any n o te  on the s te r e o c h e m is tr y
o f  h o m o ly t ic  a d d it io n  r e a c t io n s  was p u b l ish e d  by Mayo and
50W ilzbach i n  1949 • They r ep o rted  th a t  the  same
produ ct was o b ta in ed  from e i t h e r  c i s  or tra n s  d i c h lo r o -
e th y le n e  i n  c o -p o ly m e r is a t io n s  w ith  v in y l  a c e t a t e .  The
i d e n t i t y  was based on the i d e n t i c a l  r a t e s  o f  d e h a lo v e n a t io n
o f  the  polym ers w ith  io d id e  io n .  They th e r e fo r e
su g g e s te d  th a t  the r a d ic a l  produced i n  the ch a in
p ro p a g a tio n  s te p  v i z : -  R.CHCL.CHCL e q u i l i b r a t e s  by
r o t a t i o n  or in v e r s io n  among i t s  p o s s ib l e  conform ations
more r a p id ly  than i t  adds to anoth er  monomer u n i t .
In  the  same y e a r ,  Kharasch and P r ied la n d er  p u b lish ed
the r e s u l t s  o f  an i n v e s t i g a t i o n  in t o  the f r e e - r a d i c a l
a d d it io n  o f  brom otrichlorom ethane to a la r g e  number 
43o f  o l e f i n s  • They made no s p e c i f i c  o b s e r v a t io n s  on
th e  s te r e o c h e m is tr y  o f  the p ro cess ;  but i n  a rev iew
28the f o l lo w in g  y e a r ,  Paw cett in t e r p r e t e d  t h e i r  r e s u l t s  
on th e  e a se  and d i r e c t i o n  o f  dehyd roh a logen ation  as  b e in g  
i n d i c a t i v e  o f  tran s a d d i t io n .  H is argument was based  
on the p r e fe r r e d  tr a n s  e l im in a t io n  o f  hydrogen bromide 
w ith  a l k a l i ,  and the f a c t  th a t  th ere  was no e l im in a t io n
from the adduct o f  hrom otrichlorom ethane and h ic y c lo  
[ 2 : 2 : 1 ]  h e p te n e .  I f  the  a d d i t io n  had been tra n s  t one 
would e x p e c t  a p rod u ct l i k e  I I ,  i n  which tr a n s  e l im in a t io n  
o f  hydrogen bromide would in v o lv e  a v i o l a t i o n  o f  B red t*s  
r u l e .
the b a se  c a ta ly s e d  e l im in a t io n  o f  hydrogen c h lo r id e  
from t r a n s - 2 : 3-dLLchlorofoic.yclo [ 2 : 2 : 1 3-heptane ( I I I )  
to  g iv e  2 - c h l o r o b ic y c l o [ 2 : 2 :1 jh ep ten e  (V) occu rs  more 
r e a d i l y  than from c is - e n d o —2 : 3 -d ic h lo r o bic .yc lo  [2 :2 : 1 3 -  
heptane ( I V ) , which throws c o n s id e r a b le  doubt on the  
v a l i d i t y  o f  I 'aw cettt s argument.
I I
However, R oberts and h is .  c o l l e a g u e s ^  have shown th a t
Cl
H
tra n s c i s
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4In  1952 , how ever, G oering, A b e l l  and Aycock showed 
th a t  the  f r e e - r a d i c a l  a d d i t io n  o f  hydrogen bromide to
1—bromo and 1 -m e th y lc.yclohexene g ave , as s o l e  p ro d u ct ,  
the  c y c lo h exane d e r iv a t iv e  w ith  the two s u b s t i t u e n t s  
c i s  to  each other^  , i n d i c a t i n g  th a t  s t e r e o s p e c i f i c a l l y  
tr a n s  a d d i t io n  had taken p la c e .  Goering assumed t h a t  
the  product i s  the  therm odynam ically  l e s s  s t a b le  iso m er ,  
and hence th a t  the p o s s i b i l i t y  o f  c i s  a d d i t io n  fo l lo w e d  
by a tr a n s  to c i s  i s o m e r i s a t io n  i s  p rec lu d ed .
+  B y *
t'cas/ HBv
R
tlvans jaYoducfc*CIS j^voduct
In  order to  account fo r  th e  s t e r e o s p e c i f i c i t y ,  Goering  
and h i s  co-w ork ers su g g es ted  th a t  a 3-membered r a d ic a l  
r in g  V I, comparable to the  halonium io n  r in g  o f  h e t e r o l y t i c
5a d d it io n  V I I ,  m ain ta ined  the s te r e o c h e m ic a l  i n t e g r i t y  
o f  the in t e r m e d ia t e ,  f o r c in g  the consummating hydrogen  
to  e n te r  t r a n s  to  th e  i n i t i a l  "bromine.
>c -  c< >C -  c<\ - /  w
Br Br
VI VII
The f o l lo w in g  y ea r  Cam pbell, Shavel and Campbell
r e p o r te d  th a t  the a d d it io n  o f  d in i t r o g e n  t e t r o x i d e  to
d ip h e n y la c e ty le n e  V III  gave a m ixture  o f  c i s  and tra n s
?od in i t r o s t i l 'b e n e s  (IX and X)
Ph Phv J h
q . 0 = 0  IX
III + K2°4  * 02N HO g
C
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At th e  tim e they  used  the ev id en ce  o f  n o n - s t e r e o -  
s p e c i f i c i t y  t e n t a t i v e l y  to  su g g es t  t h a t  the  a d d i t io n  
o f  d in i t r o g e n  t e t r o x id e  was a r a d ic a l  p r o c e s s ,  b e c a u se ,  
althou gh  n o t  a s  w e l l  s tu d ie d  as o l e f i n s ,  i o n i c  a d d i t io n
6to  a c e t y le n e s  i s  a lm ost c e r t a i n l y  t r a n s ^ * ^ .  As
w i l l  be shown l a t e r ,  the r e a c t i o n  o f  d in i t r o g e n
t e t r o x id e  w ith  carbon-carbon m u l t ip le  bonds i s  in d eed
a f r e e - r a d i c a l  one .
R e c e n t ly  the f r e e —r a d ic a l  a d d i t io n  r e a c t io n s  o f
o l e f i n i c  system s have been e x t e n s i v e l y  rev iew ed  by 
19Oadogan and Hey and t h e i r  rev iew  shows t h a t  w h ile  a
c o n s id e r a b le  amount o f  work has been done on th e se
r e a c t i o n s ,  o n ly  a very  l i t t l e  o f  i t  has been concerned  
*h«
w ith .^ stereoch em istry  o f  th e  p r o c e s s .
Thus when t h i s  work was commenced, in  1954 , th ere  
w ere , apart from t h e o r e t i c a l  c o n s id e r a t io n s ,  th e se  few  
c o n f l i c t i n g  p i e c e s  o f  ev id en ce  on the s te r e o c h e m is tr y  o f  
r a d ic a l  a d d i t io n .  The o b j e c t  o f  the work was to  
determ ine the  mechanism o f  the r e a c t io n  o f  d in it r o g e n  
t e t r o x id e  w ith  o l e f i n s  and to  examine the s te r e o c h e m is tr y  
o f  the p r o c e s s .
7Mechanism o f  the A d d it io n  o f  D in itr o g e n  T e tro x id e  
P r e v io u s  Vfork
!h e  r e a c t io n  o f  d in i t r o g e n  t e t r o x i d e  w ith  o r g a n ic  
compounds was rev iew ed  by Riebsomer i n  1 9 4 5 ^ ,  and an 
a n a l y s i s  o f  th e  a d d i t io n s  to  o l e f i n s  th a t  he r e p o r t s  
shows th a t  th r e e  main modes o f  a d d it io n  ta k e  p la c e  v i z :
>c -  c< >c -  c<
I I  I I
ff02 ho2 ho2 oho
XI XIX X III
As Riebsomer p o i n t s  o u t ,  how ever, much o f  th e  work was 
c a r r ie d  out w ith  ^ n itrou s fum es,*  a r ea g e n t  c o n s i s t i n g  
o f  d in i t r o g e n  t r i o x i d e  and t e t r o x i d e  in  u n c e r ta in  amounts, 
and much r e l ia n c e  can n o t  be p la c e d  on i t .  In  f a c t  
the work o f  Levy and h i s  c o l la b o r a t o r s  has shown th a t  
th e  t h ir d  mode o f  a d d it io n  (X III)  i s  due to a d d it io n  
o f  d in i t r o g e n  t r i o x i d e  as NO and 0N0 fo l lo w e d  by 
o x id a t io n  o f  n i t r i t e  to  n i t r a t e ^ a .
Levy and h i s  a s s o c i a t e s  p la ced  the a d d i t io n  r e a c t io n  
o f  d in i t r o g e n  t e t r o x i d e  to o l e f i n s  on a f irm  experim en ta l  
b a s i s  between 1946 and 1 9 4 9 ^ and showed th a t  two
>C -  C<
I I
NO QUO,
8main products: were o b ta in e d ,  d in i t r o  compounds (XI) 
and n i t r o - a l c o h o l s  (XIV) ,  which were formed by 
h y d r o ly s i s  o f  th e  n i t r i t e  e s t e r s  (X I I ) .  Small  
q u a n t i t i e s  o f  n i t r a t e  e s t e r s  (XV) were a l s o  formed 
by o x id a t io n .
Levy s t r e s s e d  the n e c e s s i t y  fo r  u s in g  pure t e t r o x id e  and
p e r o x id e - f r e e  o l e f i n s  to o b ta in  c o n s i s t e n t  r e s u l t s  and
s t a b le  p rod u cts .  The work o f  Levy and h i s  c o l l e a g u e s ,
which was con fin ed  to  a lk e n e s  h a s  been extended  to a
wide v a r i e t y  o f  o th e r  o l e f i n s  by the  work o f  P o r te r  and
W ood^, 'Seghofer^^ and V il'yam s and V a s i l  'ev ^ ^ a n d  to
20a c e t y le n e s  by Campbell and h i s  co-w orkers and by Preeman 
and Emmons^.
>C = C< + H2Q4
no2 oho m 2 oh
XII XIV
isr02 OHO ho2 oho2
XV
At the time L e v y 's  work was c a r r ie d  o u t ,  i n t e r e s t  
in  the ch em istry  o f  th e  n itron ium  io n  s t im u la te d  L e v y ^ a , 
in  c o n ju n c t io n  w ith  I n g o l d ^ ,  to  p o s t u la t e  an i o n i c  
mechanism f o r  the  r e a c t io n .  They p o s t u la t e d  t h a t  the  
t e t r o x i d e  f i r s t  h e t e r o ly s e d ,w i t h  subsequent a t ta c k  by
H20 . , no2+ + U02“
the  n itron iu m  io n .
>C = C< + H02+ --------» >C -  C< --------» EEODUCTS
H02
(o r  e q u iv a le n t  n o n - c l a s s i c a l  form) 
This h y p o th e s is  s a t i s f a c t o r i l y  e x p la in ed  the  observed
o r ie n t a t i o n  i . e . the i n i t i a l  a t ta c k  was a t  the  carbon
c a r r y in g  more hydrogen, and was accompanied by carbon
to n i t r o g e n  bond fo rm atio n . However, i t  has been shown
th a t  under h e t e r o l y t i c  c o n d it io n s  d in itr o g e n  t e t r o x id e
-1 *7 £
io n ise s :  to  g iv e  a n itroson iu m  io n  and n i t r a t e  an ion  9 9
NgQ. \   ^ H0+ + MOj-
an i o n i s a t i o n  which does n o t  e x p la in  the ob served
10
p rod u ces . f u r t h e r ,  d in i tr o g e n  t e t r o x id e  i s  known 
from param agnetic  and s p e c t r a l  s t u d ie s  to hom olyse  
r e a d i l y  to  n i tr o g e n  d io x id e  r a d i c a l s ^ ,  and a f r e e -  
r a d ic a l  mechanism a l s o  e x p la in s  the o r i e n t a t i o n  
o b ser v ed . I n i t i a l  carbon to n i t r o g e n  bond form a tio n  i s  
n o t  so r e a d i ly  e x p la in e d ,  but i t  can be done on the  
b a s i s  o f  the g r e a te r  h y p er c o n ju g a t iv e  resonance  in  the  
t r a n s i t i o n  s t a t e  which accom panies carbon to  n i t r o g e n  
XVI r a th e r  than carbon to oxygen XVII bond fo rm ation .
; O r - N — 0 ~*C 
; / \
0
XVI XVII
Fresh ev id en ce  in  favou r  o f  a h o m o ly t ic  mechanism
was p rov ided  i n  1953 by the work o f  S ch ech ter  and
Conrad on the  o r i e n t a t i o n  o f  the  a d d it io n  o f  d in it r o g e n
63t e t r o x id e  to m ethyl a c r y la t e  . I h e ir  r e s u l t s  are  
summarised below .
0
11
f204 + HgC- = CH.002Me
02U.CR = O.COgMe (13$)
02K.0H2 - CH0H.C02Me (27$) 
Oxalic acid
N itro g en  c o n ta in in g  polym ers
They found no ev id en ce  fo r  th e  form ation  o f  any product  
i n  which a n i t r i t e  group had become a tta ch ed  to the  
(3-carbon atom o f  the  a c r y l a t e ,  i n  s p i t e  o f  a c a r e fu l  
se a rc h . Now, i f  tM  a d d it io n  r e a c t io n  had proceeded  
by an i o n i c  mechanism, one would e x p e c t  as p rod u cts
S+ g-
H2C =  CH- ■*C02Me 4* N02
■> <
■ * H0C - CH. C0oMe 2 I 2
N0„
0N0.CEg.CH(H02).COgtte 
02H.CH2.CH(H02).C02Me
wkereas a h o m o ly tic  mechanism would p r e d ic t
H2C = Gm*C02Me f  NCJ2 — : > 0 2N.CH2 *CH.C02Me
'02N .GH2.CH(ONO).C02Me
02N.CE2.CH.C02Me + N0*2 <
02N. CH2 . GE(N02). C02Me
12
That the  ob served  o r i e n t a t i o n  i s  in  the same 
d i r e c t i o n  as fo r  s im p le  o l e f i n s  ( i . e .  th ose  w ith  no 
p o la r  s u b s t i t u e n t s ) ,  and in  th e  o p p o s i te  sen se  to  
th a t  p r e d ic te d  by an i o n i e  mechanism, l e d  S c h e c h ter  to  
s u g g e s t  th a t  the r e a c t io n  ”mav occur e s s e n t i a l l y  by a 
h o m o ly t ic  p r o c e s s . ” A c o n c lu s io n  supported by the  
occu rren ce  o f  p o ly m e r isa t io n  p r o d u c ts ,  a l b e i t  n o t  
w e l l  c h a r a c t e r i s e d .
The E f f e c t  o f  Erom otrichlorom ethane on the  R ea ct io n
With the  above ev id en ce  in  mind, i t  i s  f a i r l y  
ob v iou s  th a t  a c o n c lu s iv e  dem onstration  o f  th e  f r e e -  
r a d ic a l  n a tu re  o f  the r e a c t io n  can be a ch iev ed  i f  a 
r ea g e n t  known to be s p e c i f i c a l l y  a c t iv e  towards f r e e -  
r a d i c a l s  d i v e r t s  the course o f  the r e a c t io n  when i t  i s  
p r e se n t  in  the r e a c t io n  m ix tu re . That t h i s  m ight  
occur can be in f e r r e d  both from L evyf s o b s e r v a t io n  t h a t ,  
i n  h a lo -c a rb o n  s o l v e n t s ,  c o n s id e r a b le  ’’o x id a t io n ” took  
plac.e^9a , a n 3  from the r e s u l t s  o f  Baryshnikova and T ito v^ ,  
who found th a t  when the a d d i t io n  o f  dinitrofi:en t e t r o x id e  
to  c y c lo h exene was conducted in  bromoform s o l u t i o n ,  the  
( u n id e n t i f i e d )  product conta ined  a p p rec ia b le  q u a n t i t i e s  
o f  bromine.
The r e a c t io n  o f  d in itr o g e n  t e t r o x id e  w ith  c y c lo h exene  
was th e r e fo r e  c a r r ie d  out in  th e  presence  o f  bromo- 
t r ic h lo r o m e th a n e , a s u i ta b le  r a d ic a l  t r a n s f e r  a g en t .
13
L evy  and h i s  co-w orkers have shown th a t  the a d d it io n  
o f  d in i t r o g e n  t e t r o x id e  to c y c lo h exene i n  e th e r  
s o l u t i o n  g iv e s  a lm ost eq u im o lecu la r  amounts o f  
1 : 2 - d i n i t r o  o y c lo h exane XVIII and 2 - n i t r o c y c lo h ex a n o l  XX 
produced from the n i t r i t e  XIX by h y d r o ly s i s  during
working^up 49e
NO.
NO
ONO
XVIII
OH
XIX XX
The r e a c t io n  was c a r r ie d  out by d i s t i l l i n g  the  
d in i t r o g e n  t e t r o x id e  in  a stream o f  oxygen in to  a 
s o l u t i o n  o f  3 e q u iv a len ts  o f  c y c lo h exene and 10 
e q u iv a le n t s  o f  brom otrichiorom ethane in  e th e r  a t  0°C. 
The produ cts  i s o l a t e d  from the reac tio n ,:  and t h e i r  
r e s p e c t iv e  y i e l d s  (ex p ressed  a s  molar percentages o f  the  
t o t a l  y i e l d )  are g iven  in  Table I*
TABLE I
Compound Y ie ld
2 -b r o m o - l-n i tr o  c.y c lo h exane XXI 30*1
1 -b r o m o -2 -c h io r o c y c lo h exane XXIII 3 2 .0
2 -  ch i  o do. cy c l  ohexan o l XXV 28*0
2 -0 h lo r o e y c lo h e x y l  n i t r a t e  XXVI 4 .2
tr ic h lo r o n itr o m e th a n e  XXII 1 .6
c y c lo h exene n i t r o s i t e  0 .9
1 - n i  tro  cy c lo h exene XXVII 3 .3
n i t r o s y l  c h lo r id e ,  phosgene T races
T ota l y i e l d  on din itrogen!|jtetroxide or c y c lo h exene  
ca 65$.
The a n a l y s i s  o f  the r e a c t io n  m ixture  was c a r r ie d  
out m ain ly  by in f r a - r e d  sp e c tr o m e tr ic  m ethods. The 
r e a c t io n  m ix tu re  was r e a d i l y  f r a c t io n a t e d  in to  th ree  
p o r t io n s .  The v o l a t i l e  components were removed 
in  the  f a l l i n g - f i l m  evaporator  durin g  working up; 
and the  r e s id u a l  o i l  g a v e , on d i s t i l l a t i o n ,  two f r a c t io n s *  
The low er  b o i l i n g  was a m ixture o f  l -b r o m o -2 -c h lo r o c y c lo -  
hexane XXIII and 2 - ch i or o c.y c l  ohexanol XXV, and the  
h ig h er  b o i l i n g  was a m ixture o f  2 - b r o m o - l - n i tr o c y c lo -  
hexane XXI, 2 - c h lo r o c y c lo h e x y l  n i t r a t e  XXVI,
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1 - n i t r o c y c lo h exene XXVII and a sm all amount o f
l -b r o m o -2 -c h lo r o c y c lo hexane XXIII. T ab les  I I  and I I I
g iv e  th e  in f r a - r e d  s p e c tr a  o f  th e s e  m ix tu res  and th o s e  
o f  th e  pure components.
The natu re  and d i v e r s i t y  o f  th e  p rod u cts  i s o l a t e d  
shows th a t  c o n s id e r a b le  i n t e r a c t io n  w ith  the bromo- 
tr ich io ro m eth a n e  took  p la c e .  S in ce  b r o m o tr ic h lo ro -  
methane i s  i n e r t  to  n i t r o g e n  d io x id e ,  and s in c e  l i g h t  
was e x c lu d ed , th e se  r e s u l t s  can o n ly  be e x p la in e d  i f  
the  brom otrichlorom ethane were a c t in g  as a r a d ic a l  
t r a n s f e r  a g e n t .  I t  w i l l  be n o t ic e d  th a t  n e i t h e r  o f  
the  'normal® p rod u cts  o f  the r e a c t io n  was d e t e c t e d ,  
although  a c a r e fu l  search  was made, showing th a t  even  
i f  the  r e a c t io n  took p la c e  p a r t ly  by a r a d i c a l ,  and 
p a r t ly  by an i o n i c  p r o c e s s ,  the i o n i c  r e a c t io n  i s  o f  
i n s i g n i f i c a n t  p r o p o r t io n s .  The p o s s i b i l i t y  o f  a 
r a p id  r a d ic a l  chain  r e a c t io n  can be excluded because  
o f  the  la r g e  number o f  chain  term in a to rs  which are  
p r e s e n t .  The r e a c t io n  o f  d in i t r o g e n  t e t r o x id e  w ith  
o l e f i n s  th e r e fo r e  o ccu rs  by i n i t i a l  h o m o ly s is ,
N204 — — i 2 HOj
fo l lo w e d  by a s s o c i a t i o n  o f  a n i t r o g e n  d io x id e  r a d ic a l  
w ith  o l e f i n .
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TABLE I I
M ixture Assignment'
XXIII XXV
3530 3540 XXV
w. m.
3410 3358 XXV
1448 m .s .  
1362 w. 
1342 w. 
1279 w* 
1264 w.
1215 v .w .  
1184 m. 
1122 v .w .  
1080 m. 
1038 v .w .  
1004 w. 
978 w. 
960 nu 
905 w.
862 w. 
842 w. 
816 w. 
797 w. 
741 m. 
734 
694 nw 
658 w.
1444 h u s . 
1356 v .w .  
1340 w. 
1277 w.
1448 m .s .  
1362 w. 
1334 v .w .
1264 w. 
1215 m.1214 v .w .
1184 m .s .
1132;1118  w.1128 w.
1079^s.
1035 v .w .  
1002 m. 
976 m.
905 m .s .
861 m. 
841 m. 
815 m.
741 nu
693^m .s. 
658 w.
1042 w.
980 v .w .  
960 s .  
906 v .w .  
894 v .w .  
864 m. 
843 w.
797 nu
735 m .s .
CH2  d e form ation
XXIII
XXV
XXIII
XXV
XXIII
XXV
m ain ly  XXIII
m ain ly  XXIII
XXIII
XXV
XXIII
XXIII
Where th e re  i s  no a ss ig n m en t, th e  hand i s  common to  
hoth compounds.
ML* m .s .  = a l i t t l e  s tr o n g e r  than medium s tr e n g th  hand.
m. = medium s tr en g th  hand,
w. = weak,
v .w . = very  weak.
Bands marked f  were used  fo r  q u a n t i t a t iv e  a n a l y s i s .
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M ixture
T------
TABLE I I Icc,cr
8  * C
Assignm ent
1637 s . 1633+v . 8 . 1670 w. B + 0
1557 v . s . 1553'tV . s . A
1520 m. 1 5 2 o t y . s . C
1450 m .s . 1450 m .s . 1450 m .s . 1450 m. Common
1374 s . 1372 s . ’■ - 1438 A
1353 ( s h . ) 1350 m. • A
1346 m. 1344 v .s * C
1336 m » 1332 m. 1338 w. 1340 Common
1326 ( s h . ) 1324 m. B
1296 ( s h . ) 1296 m. A
1280 s . 1278 v o s . B
1266 w.
1244 w. 1238 w. A
1220 v .w . 1220 v .w . 1220 w. A + B
1206 v .w . 1206 v .w . 1206 w. A + B
11.92 m. 1190 m. A
1130 v .w . 1125 w. A
1188 v .w . XXIII
1108 w. 1107 m. A
1084 v .w . 1084 w. 0
1062 w. 1063 v .w . 1062 m. G + A
1048 v .w . 1Q5Q v .w . A + B
1007 w. 1012 m. B
994 ( s h . ) 994 m. A
954 w.
946 w. 949 m. B
923 w. 925 m. 930 m. A + C
913 ( s h . ) 914 w. B
899 m. 898 m. 894 ( s h . ) A + B
872 m. s . 874 s . B
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TABLE I I I  ( c o n td .)  
M ixture A B C
855 m. 857 a .
848 (sh *) 848 m.
845 ( s h . )  844 s.*
825 w. 819 v .w .  825 hu
807 w. 807 nu 808 w.
802 ( s h . )  800 w.
757 nu
748 m. 747 m.
756 nu 756 v . s .  757 m.
715 w.
696 nu 697 v . s .  696 nu 696 m.
670 w.
Key. v . s .  = very  s tr o n g  ban# 
s .  = s tr o n g  band 
( s h . )= sh ou ld er  
se e  a l s o  Table I I .
Assignm ent
B
A
B
C + B 
A + B 
C
HOT IDENTIFIED 
B
A + C
Common
In  the p resen ce  o f  brom otrichlorom e thane t h i s  r a d ic a l  
a b s t r a c t s  a bromine atom
2 * a
NOj
+ B r C C l 3
IS/O
*+■ cc \■>
B r
XXI
g iv in g  2 -b r o m o -1 -n itr o c y c lo h exane XXI and a t r i c h l o r o -
m ethyl r a d i c a l .  Now tr ich lorom eth .y l r a d i c a l s  are
19known to r e a c t  w ith  o l e f i n s  , and s in c e  no produ cts  
i f  such a r e a c t io n  a r e  found, the tr ich lo ifo m eth y l  
r a d ic a l  must undergo some o th e r  more r a p id  r e a c t io n .  
T his i s  a p p a ren tly  com bination w ith  a n i t r o g e n  dioxide,  
r a d i c a l ,
3 .
c c i 5 + no2
CC13N02 XXII
coi-o + m< 3
to  g iv e  tr ic h lo r o n itr o m e th a n e  XXII, one o f  th e  i s o l a t e d  
p ro d u cts ,  and a tr ich lo ro m eth o x y  r a d i c a l ,  p o s s ib ly
19
through the  t r a n s i t o r y  in te r m e d ia te  o f  t r i c h l o r o ­
usm ethyl n i t r i t e  . The tr ic h lo ro m e th o x y  r a d ic a l  
then  decomposes g iv in g  phosgene and a c h lo r in e  atom.
4. coi3o* ------ » coci2 + or
The c h lo r in e  atom combines w ith  o l e f i n  to  g iv e  a 
c h lo r o c y c lo h e x y l  r a d i c a l ,  which can r e a c t  i n  e i t h e r  
o f  two ways.
The f i r s t  i s  w ith  a brom otrichlorom ethane m o le c u le ,
XXIII
to  give, l -b r o m o -2 -c h lo r o c.yc l ohexane XXIII and another  
tr ic h lo r o m e th y l  r a d i c a l ,  thus com pleting  a c y c l e .
The second i s  by r e a c t io n  w ith  n i tr o g e n  d io x id e  to
g iv e  2 - ch io ro  c y c lo h exy1 n i t r i t e  XXIV,
20
7 .
Cl
■ NO,
C l
OH
Oxi Art.
XXIV
XXV
ONO.
XXVI
which i s  e i t h e r  hyd ro lysed  during working up to
2 - c h io r o c y c lo h exanol XXV or o x id is e d  durin g  the  
r e a c t i o h  to  the  corresp ond ing  n i t r a t e  XXVI, The 
r e a c t io n s  3 , 4 - ,  5 and 6 form a c y c le  which i s  s e l f -  
su p p o rt in g , w h ile  7* forms a term in a t io n  s t e p .  S in ce  
the  chlorobrom ide XXIII and th e  a lc o h o l  XXV, or i t s  
e s t e r  XXVI, are formed in  approxim ately  equal amounts, 
t h i s  c y c le  i s  ap p aren tly  o n ly  completed once b e fo re  
te r m in a t io n .  As the c o n c e n tr a t io n  o f  n i t r i c  o x id e ,  
from r e a c t io n  3 in c r e a s e s ,  towards the end o f  the  
r e a c t io n ,  r e a c t io n s  such as
presumably come in to  p la y  g iv in g  cyclohexen e  n i t r o s i t e .  
R e a c t io n  8 can on ly  form a te r m in a t io n  s t e p ,  s in c e  
Brown lias shown t h a t  n i t r i c  o x id e  does not a t t a c k
1 - n i  tr o  cy c ld h exene XXVII may be e x p la in ed  by l o s s  o f  
hydrogen from a n i t r o c y c lo hexy1 r a d i c a l ,  but i t  i s  
much more l i k e l y  th a t  i t  a r i s e s  by p y r o l y s i s  o f  
n i t r o s i t e  during the  l a t t e r  s t a g e s  o f  the d i s t i l l a t i o n ,  
s in c e  the n i t r o s i t e  i s  q u ite  s o lu b le  in  the  m ixture  o f  
n i t r o -  and chioro-compounds formed by the  r e a c t io n .
o l e f i n s  a t  room tem perature 16 The form ation  o f
XXVII
Formula Sheet for Chapter 1
►*,y’
XX
\ \ I !
V
OViO'
x iy
jcOH
Try
XVIII XIX XX
NO.
XXI
C a * N O x
XXII B
XXIII
ONO
XXIV
OH
XXV
ONO.
XXVI
NO.
CHAPTER 2
ffhc S tereo  o h em istiy  o f  th e  A d d itio n  o f  E in itr o g e n  
(Eetr o x id e
S te re o ch em is tr y  o f  the A d d it io n  o f  D in itr o g e n  T e tro x id e
Although many r e f e r e n c e s  to the a d d it io n  o f
d in i t r o g e n  t e t r o x id e  to u n sa tu ra ted  system s are to  be
found in  the  chem ical l i t e r a t u r e ,  none g iv e s  any
in d ic a t io n  o f  the s te r e o c h e m is tr y  o f  the  produ cts
20e x c e p t  f o r  th a t  o f  Campbell and h i s  c o l l e a g u e s  ,
which was m entioned i n  the in t r o d u c t io n ,  and very
30r e c e n t ly  a paper by Freeman and Emmons . They too  
had r e a c te d  d in i t r o g e n  t e t r o x id e  w ith  a c e t y le n e s  and 
had found th a t  a m ixture o f  s t e r e o is o m e r ic  o l e f i n s  was 
produced.
Having shown th a t  the a d d it io n  o f  d in i t r o g e n  
t e t r o x i d e  to  o l e f i n s  proceeds by a f r e e - r a d i c a l  mechanism 
i t  was th e r e fo r e  o f  i n t e r e s t  to  examine the s t e r e o ­
chem istry  o f  the p r o c e s s ,  e s p e c i a l l y  as t h i s  might
tnrow some l i g h t  on the q u e s t io n  o f  the  s te r e o c h e m is tr y  
o f  r a d ic a l  a d d i t io n  r e a c t io n s  as a whole. D in itr o g e n  
t e t r o x id e  has a p a r t i c u la r  advantage over  hydrogen  
bromide i n  t h i s  r e s p e c t ,  in  t h a t 'b o t h  h a lv e s  o f  the  
addendum are e a s i l y  r e c o g n ise d  a f t e r  a d d i t io n .
The s e l e c t i o n  p f  a c y c l i c  o l e f i n  as the  u n sa tu ra ted  
component i s  d e s i r a b le  a s  i t  p r e c lu d e s  th e  p o s s i b i l i t y  
c i s - tr a n s  in t e r c o n v e r s io n ,  due to  f r e e - r o t a t i o n ,  
which i s  p o s s ib l e  i n  a c y c l i c  sy stem s. With t h i s  
i n  mind, c.yclohexene was f i r s t  chosen as o l e f i n  m o ie ty .
c y c lo Kexene
Another c o n s id e r a t io n  which l e d  to  the  c h o ic e  o f  
c y c lo h exene as the  o l e f i n  component was th e  f a c t  th a t  
the s te r e o c h e m is tr y  o f  th e  iso m e r ic  (d 1) c i s  and t r a n s -  
2 - aminodyclohexano 1 s. and t h e ir  d e r iv a t i v e s  had been
th orou gh ly  e lu c id a te d  by the work o f  McCasland and
51 41h i s  a s s o c i a t e s  , by Johnson and Schubert , and
p a
by Sodor and K iss  *; and i t  seemed p o s s ib l e  th a t  a 
s t e r e o s p e c i f i c  r e d u c t io n  o f  th e  n itr o -g r o u p  o f  the  
2 - n i t r o  cy c lo h exano1 produced by the  r e a c t io n  to  an 
amino-group could be r e a l i s e d .  A fte r  a number o f  
u n s u c c e s s fu l  a t te m p ts ,  i t  was found th a t  c a t a l y t i c
24
h yd rogen ation  over  pallad ium  on ch arcoa l save  the  
d e s ir e d  s t e r e o s p e c i f i c  r e d u c t io n .
Levy had r ep o r ted  th a t  the 2 - n i t r o c y c lo h exanol  
o b ta in ed  from the r e a c t io n  o f  d in i t r o g e n  t e t r o x id e
AQmw ith  c y c lo h exene could be induced  to c r y s t a l l i s e  , 
and I t  seemed l i k e l y  th a t  t h i s  c r y s t a l l i n e  a lc o h o l  
would be i s o m e r ic a l ly  pure. The r e a c t io n  o f  
d in i t r o g e n  t e t r o x i d e  w ith c y c lo h exene was t h e r e fo r e  
c a r r ie d  out by d i s t i l l i n g  the t e t r o x id e  in  a stream  
o f  n i t r o g e n  in t o  th e  o l e f i n  in  e th e r  a t  0 ° .  L itro g e n  
was, used  as c a r r ie r  gas to  su pp ress o x id a t io n  o f  
2 - n i t r o c y c lo h e x y l n i t r i t e  (XIX) to the corresp on d in g  
n i t r a t e  (XXVTII), which Levy had shown to be favoured  
by o x y g e n ^ a . A f te r  removing the  s o lv e n t  in  th e  
f a l l i n s - f i l m  e v a p o ra to r , the 2 - n i  tro  cy c l  ohexano 1 (XX) 
was sep ara ted  by making use o f  i t s  w a t e r - s o l u b i l i t y .
+ Nt 0,'-------»
NO.
XVIII
NO,
NO,
<
OH
X X
NO.
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C a t a ly t i c  r e d u c t io n  o f  a c r y s t a l l i n e  sample o f  the
a l c o h o l ,  fo l lo w e d  by N - b e n z o y la t io n ^  gave pure
ii i  ” t r a n s -  2 -b en zo y l  am i n o cy c l  ohe x a n o l , i d e n t i c a l  w ith
an a u th e n t ic  specimen prepared by th e  method o f
51McCasland and h i s  c o l le a g u e s  . Some o f  the  2 - n i t r o —
c y c lo h exanol i s o l a t e d  from the r e a c t io n  was th e r e f o r e
subm itted  to the  same hyd rogen ation  and b e n z o y la t io n
proced ure. F r a c t io n a l  c r y s t a l l i s a t i o n  o f  th e  U-
b en zoy l d e r iv a t i v e s  gave a sample o f  pure d l - c i s - 2 -
benzoylam inoc y c lo h e x a n o l» i d e n t i c a l  w ith  an a u th e n t ic  
51specimen . The iso m e r ic  com p osition  o f  the m ixture  
o f  ben zoy l d e r iv a t i v e s  was th e r e fo r e  determ ined by 
therm al a n a l y s i s .  This gave the r e s u l t  th a t  the ’2 ~ n f tr o -  
c y c lo h exanol i s o l a t e d  from the r e a c t io n  was an 
iso m e r ic  m ixture  w ith  a c i s : tra n s  r a t io  o f  41*8:58*2 .
From a comparison o f  th e  in f r a - r e d  s p e c tr a ,  i t  
was n o t ic e d  th a t  t h i s  i so m e r ic  r a t i o ,  o f  the  a lc o h o l  
i s o l a t e d  from the r e a c t io n ,w a s  very  c lo s e  to th a t  o f  
a sample which had been d i s s o lv e d  in  g l k a l i  and 
reg en era ted  by the  method o f  Kornblfcum and Graham w ith
A C
20$ aqueous urea  a c e t a t e  , which would have th e  
isom ers in  the  thermodjinamic eq u il ib r iu m  m ix tu re .
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To show th a t  the a lc o h o l  i s o l a t e d  had the  same 
s te r e o c h e m ic a l  com p osition  as th a t  formed in  the  r e a c t i o n ,  
some o f  th e  known t r a n s - 2 - n i t r o  c y c lo h exanol was 
su b m itted  to  the working-up p r o c e s s ,  the c o n d it io n s  
b e in g  as c lo s e  & s im u la t io n  as p o s s ib l e  o f  th o s e  
p e r ta in in g  a f t e r  the r e a c t io n .  I t  was r eco v ered  
unchanged in  90$ y i e l d ,  showing th a t  the r e s u l t  
o b ta in ed  fo r  the isom eric  com p osit ion  i s  s i g n i f i c a n t .
1-•M ethyl cy c l  ohexene
An a n a ly s i s  o f  the  r e s u l t s  o f  G-oering and h i s  
32 33c o l la b o r a t o r s  * i n  r e l a t i o n  to  th a t  above showed 
t h a t  the main d i f f e r e n c e  in  su b s tr a te  was in  the  
degree  o f  s u b s t i t u t io n  o f  the double-bond; f o r
Goering had h ad , p er fo rce  to use  a t r i s u b s t i t u t e d  o l e f i n ,
27
w hereas the s im p le s t  c h o ic e ,  a d isu b st itu ted  
o l e f i n  had been used above. I t  was th e r e f o r e  
d ec id ed  to  examine the r e a c t io n  o f  d in i t r o g e n  
t e t r o x id e  w ith  1-me thy1 c y c lo h e x e n e .
Under s im i la r  c o n d it io n s  to  th o se  used  f o r
c y c lo h e x e n e , d in i t r o g e n  t e t r o x id e  r e a c te d  sm oothly
w ith  1-me th .y lc y c lo h exene . The r e a c t io n  was worked
up by s t r ip p in g  o f f  the s o lv e n t  and s o l v o l y s i n g  the
l - m e t h y l - 2 - n i t r o c.yclohe x y l  n i t r i t e  XXX w ith  m eth a n o lic
urea  s o l u t i o n .  T h is  method was employed to o b v ia te
the r i s k  o f  h y d r o ly s is  w ith  a lk y l-o x y g e n  f i s s i o n ,
which m ight occur w ith  the  t e r t i a r y  e s t e r .  A l le n
has shown th a t  such a lk y l -o x y g e n  f i s s i o n  occu rs  only-
very  r a r e l y ,  and th a t  m eth a n o ly s is  o c cu rs  w ith  r e t e n t io n
2o f  o p t i c a l  a c t i v i t y  „
ra
MeOH
ONO OH
XXX XXXI
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As in  the cyclohexen e  experim en t, the 1- m e t h y l - 2 -
n i t r o c y c lo h exanol XXXI was sep a ra ted  by u s in g  i t s
w ater  s o l u b i l i t y .  C a t a ly t i c  h yd rog en a tio n  to the
amine and subsequent b e n z o y la t io n  gave 1 -m e th y l- t r a n s -
2 -benzoylam inoe y c lo h e x a n o l . i d e n t i c a l  w ith  a specim en
prepared by ammonolysis o f  1 - m e t h y l - l : 2-epoxy c y c l o -  
53hexane fo l lo w e d  by b e n z o y la t io n .  The tra n s  
s te r e o c h e m is tr y  o f  the s y n t h e t ic  specimen depends on 
the well-known r u le  reg a r d in g  tra n s  opening  o f  
e p o x id e s .  The a lc o h o l  f r a c t i o n  was c a r e f u l ly  
checked f o r  any t r a c e s  o f  1 - m e t h y lc i s - 2- n i t r o c y c l o ­
h e x a n o l ,  but none could be d e te c te d .
When the  i s o l a t e d  n i t r o - a l c o h o l  was t e s t e d  fo r  
thermodynamic s t a b i l i t y  by e q u i l ib r a t io n  w ith  b a s e ,  
i t  was reco v ered  s u b s t a n t i a l l y  unchanged (a  sm all  
amount o f  a c a r b o x y lic  a c id  was form ed, p o s s ib ly  by 
d e a l d o l i s a t i o n )  showing th a t  the tra n s  isom er i s  the  
therm odynam ically s t a b le  one. Deuterium exchange  
experim ents were t h e r e f o r e  ca rr ie d  o u t ,  and th e s e  
showed t h a t  under a c id  c o n d i t io n s ,  as  p r e se n t  d u r in g  
the w orking-up, about 1 .3  atoms o f  deuterium  were 
in tro d u ced  a f t e r  18 h r s .  S in ce  one o f  th e se  atom s,  
th e  h y d r o x y l ic  one, i s  in trodu ced  in s ta n t a n e o u s ly ,
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t h e  r e m a i n i n g  0 .3  atom must have b e e n  in trod u ced  
by e n o l i s a t i o n  o f  th e  n i t r o - g r o u p ,  which has th e r e fo r e  
undergone thermodynamic e q u i l i b r a t i o n  to the  e x te n t  
o f  30$ in  18 h ou rs . However, during the  w o rk in g-u p , 
the  n i t r o - a l c o h o l  was on ly  exposed to a c id  c a t a l y s i s  
fo r  2 to 2-J- hr s . , and hence should on ly  have 
s u f f e r e d  e q u i l ib r a t io n  to an e x te n t  o f  3 i  to  4$ .
This means t h a t  th e  amount o f  l -m e th .y l -c i s - 2 - n i t r o -  
c y c lo h ex an o l p r e se n t  can not have exceeded  a few  
p e r c e n t ,  and th a t  the  r e a c t io n  o f  d in i t r o g e n  t e t r o x id e  
w ith  1 -m e th y lc y c lo h exene I s  n e a r ly  s t e r e o s p e c i f i c a l l y  
t r a n s .
c y c lo Pentene
S in ce  five-membered r in g s  are n e a r ly  p la n a r ,  
whereas six-membered ones are b u ck led , i t  was f e l t  
th a t  r in g  s i z e  might have an e f f e c t  on th e  s t e r e o ­
chem istry  o f  rad ica l,  a d d i t io n ,  and so i t  was d e c id ed  
to  examine, the r e a c t io n  o f  d in it r o g e n  t e t r o x id e  w ith  
c y c lo p e n te n e .
The r e a c t io n  proceeded sm oothly when oxygen was 
used a s  c a r r ie r  with the d in i t r o g e n  t e t r o x i d e ,  but  
gave u n s ta b le  products when n itr o g e n  was u sed . The
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p ro d u cts  were worked-up as f a r  1 -m e th y lc y c lo ­
h exen e . The in f r a - r e d  spectrum o f  the crude w ater  
s o lu b le  f r a c t i o n  showed th a t  a p p r e c ia b le  q u a n t i t i e s  
o f  a c a r b o x y l ic  a c id  were p r e s e n t .  E x tr a c t io n  w ith  
aqueous b ica rb o n a te  s o lu t io n  fo l lo w e d  by d i s t i l l a t i o n  
gave a lm ost pure 2 - n i t r o c y c lo p e n t a n o l , XXXII.
C a t a ly t i c  hyd rogenation  fo l lo w e d  by jD -n itro b en zo y la t io n
52save  a m ixture  o f  the  known iso m e r ic  c i s  and t r a n s -
2—p -n i  trobenzoylam ino cy c lo p e n t a n o l s . E r a c t io n a l  
c r y s t a l l i s a t i o n  gave a sample o f  pure t r a n s - 2 - p - n i t r o ­
benzoylamino cyc lop  en ta n o l , which was converted  by the
52method o f  McCasland and Smith in to  the c i s  isom er  
The iso m e r ic  com p osition  o f  the  am ino-a lcoh o l m ixture  
was determ ined by therm al a n a l y s i s ,  which gave a c i s : 
tr a n s  r a t i o  o f  1 6 :8 4 .
I t  may be however th a t  the f ig u r e  a r r iv e d  a t  fo r  
the amount o f  c i s  isom er should be regarded as a 
minimum, fo r  i t  seems l i k e l y ,  though th ere  i s  no 
d e f i n i t e  p r o o f ,  th a t  th e  a c id ,  r e f e r r e d  to  above, arose  
in  th e  f o l lo w in g  manner.
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CNO
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The r e v e r se d  a ld o l  s te p  XXXII ---- > XXXIII a lm ost
c e r t a i n ly  r e q u ir e s  th a t  the fou r  p a r t i c i p a t i n g  
c e n tr e s  be c o -p la n a r ,  and t h i s  c o n d it io n  i s  on ly  
f u l f i l l e d  in  the c i s  a lc o h o l ,  which would thus be 
p r e f e r e n t i a l l y  d e s tr o y e d .
NO.
cis
OH
3- Me th y lc h o 1 e s t -  2- ene
G-oering and h i s  a s s o c i a t e s  have p o s t u la t e d  
t h a t ,  i n  c.yclohexane sy s tem s , the i n i t i a l  a t ta c k  o f  
a r a d ic a l  on a double-bond o ccu rs  a x i a l l y ^ , as i s  
the case  w ith  h e t e r o l y t i c  a d d i t io n .  I t  i s  very  
probab le  th a t  t h e i r  p o s t u la t e  i s  c o r r e c t ,  a s  such an 
approach a l lo w s  maximum over lap  w ith  the  IT e l e c t r o n s  
o f  the  double-bond. In order to  o b ta in  some 
in fo rm a tio n  concern ing  the conform ation o f  th e  a d d i t io n  
p r o c e s s ,  the  exam ination  o f  the  r e a c t i o n  p rod u cts  w ith  
a co n fo rm a tio n a llv  r i g i d  o l e f i n  was d e s i r a b l e ,  and i t  
was d ec id ed  to u se  th e  s t e r o id a l  o l e f i n  3 -m e th y lc h o le s t -
2 -e n e ,  XXXIV.
XXXIV
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D in itr o g e n  t e t r o x id e  r e a c te d  sm oothly w ith  the  
o l e f i n  i n  e th e r  a t  0 ° 0 .  In  th e  p resen ce  o f  oxygen ,  
th e  produ cts  c o n s i s t e d  s o l e l y  o f  a m ixture  o f
3 -m e th y l-2 : 3 - d in i t r o c h o le s t a n e  and- 3 - m e t h y l - 2 - n i t r o -  
c h o l e s t a n - 3 - y l  n i t r a t e ,  a l l  the i n i t i a l l y  formed 
n i t r i t e  h a v in g  been o x id i s e d  to  n i t r a t e .  When the  
r e a c t io n  was c a r r ie d  out under n i t r o g e n ,  on ly  a 
l i t t l e  o x id a t io n  occu rred , and th e  product c o n s i s t e d  
m ainly  o f  a m ixture  o f  3 - m e t h y l - 2 - n i t r o c h o le s t a n - 3 - y l  
n i t r i t e  and the d in i t r o  compound. As w ith  1-m eth y l-  
c y c lo h e x e n e , the n i t r i t e  was s o lv o ly s e d  w ith  m eth a n o lic  
u rea  s o l u t i o n  to avo id  a lk y l-o x y g e n  f i s s i o n .  The 
n i t r o - a l c o h o l  and d in i t r o  compound were separated  
by 50 s ta g e  co u n te r -c u r re n t  d i s t r i b u t io n  between i s o -  
octane and p -m ethoxyethan ol; a f t e r  chromatography 
on s i l i c a - g e l  had been found to dehydrate the a l c o h o l .
I t  had been in ten d ed  to compare the am ino-a lcoh o l  
produced by r ed u c tio n  o f  the n i t r o - a l c o h o l  w ith  th o se  
prepared by ammonolysis o f  the o l e f i n  e p o x id e s ,  and 
so determ ine the  conform ation; however i t  proved  
im p o ss ib le  to  perform t h i s  r e d u c t io n  under s t e r e o -  
s p e c i f i c  c o n d i t io n s .  I f ,  as was p o s t u la t e d ,  the  n i t r o -  
group a t  the  2 p o s i t i o n  has entered  a x i a l l y ,  t h i s
34
d i f f i c u l t y  o f  r e d u c t io n  may be due to the  s t e r i c  
i n t e r a c t i o n  o f  the n itr o -g r o u p  w ith  the m ethyl-group  
a t  the  10 p o s i t i o n ;  a l : 3 - < i i a x ia l  i n t e r a c t i o n .
N O ,*  -*CH
CHS
OH
H
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CHAP H R  3
fkg  R eaction  o f  J t i tg y l  G hloride  w ith  O le f in s
The r e a c t io n  n i t r y l  c h lo r id e  w ith  u n sa tu ra ted
o rg a n ic  compounds was f i r s t  s tu d ie d  by S te in k o p f  and
K&hnel in  1 9 4 2 ^ .  U n t i l  then very  l i t t l e  work had
been done w ith  t h i s  r e a g e n t ,  because  no ready method
o f  p r e p a r a t io n  was a v a i la b l e .  S te in k o p f  and Kiihnel
found t h a t  l i k e  n i t r o s y l  c h lo r id e ,  a lrea d y  o f  wide
a p p l ic a t io n  fo r  c h a r a c t e r i s in g  dou b le -b on d s, n i t r y l
c h lo r id e  added d i r e c t l y  to th e  u n sa tu ra ted  l in k a g e  o f
a v a r i e t y  o f  s u b s t i t u t e d  and u n s u b s t i tu te d  o l e f i n s
and a c e t y le n e s  to  g iv e  v i c i n a l  c h lo r o n itr o  compounds.
The o r ie n t a t i o n  o f  a d d i t io n  w ith  unsym m etrical o l e f i n ;
was w ith  the n i tr o -g r o u p  011 the carbon w ith  more
hydrogen, excep t fo r  s ty ren e  and phenyl a c e t y l e n e ,
where i t  was on the  same carbon as the phenyl group.
However t h e i r  o r ie n t a t io n  fo r  phenyl a c e ty le n e  has
been c r i t i c i s e d  by Breeman and Emmons who rep ea ted
the r e a c t io n  and o b ta in ed  a - c h lo r o - p - n i t r o s t y r e n e
as the  o n ly  product c o n ta in in g  a n itr o -g r o u p  • The
a d d it io n  r e a c t io n  w ith  n i t r y l  c h lo r id e  v/as l a t e r
extended to  a few o th e r  o l e f i n s  by B r in tz in g e r  and 
17P f a n n s t e i l  ; but n e i t h e r  th ey  nor S te in k o p f  and 
Kilhnel made any comments on e i t h e r  mechanism or  
s te r e o c h e m is tr y .
A m e c h a n i s m  w a s  f i r s t  p r o p o s e d  f o r  t h e  r e a c t i o n
b y  S e h e c h t e r ,  C o n r a d ,  D a u l t o n  a n d  K a p l a n  a s  a
r e s u l t  o f  t h e i r  s t u d y  o f  t h e  o r i e n t a t i o n  o f  t h e
62a d d it io n  o f  n i t r y l  c h lo r id e  to  a c r y l i c  system s  
T heir r e s u l t s  are summarised below .
¥ 0 2C1 + CH2 :GE.R ■ 
(R=C02H.C02Me.CH)
0 2H.GH2 .0HC1.R
Cl.OHg.CHOl.R
02F. CH2 . CH(R). CH2 . CHC1. R
o2n . ch2 . ch. x . r
(X = ONO, N02 )
Now, whereas in  unsym m etrical o l e f i n s  w ith  e le c t r o n
r e l e a s in g  groups a tta ch ed  to the double-bond, the
a d d it io n  o f  n i t r y l  c h lo r id e  by an i o n i c  mechanism,
+  —a f t e r  h e t e r o l y s i s  to  N02 and Cl , i s  c o n s i s t e n t
56w ith  the observed  o r ie n t a t i o n  :
no2 + oh2 = ge. gh5 OgH.GHg -  CH. CH^  
(or  e q u iv a le n t )
o2n . ch2 -  CH.CH  ^ + Cl o2n . om2 . chci. ch5
fo r  a c r y l i c  sy s tem s , such a mechanism does n ot  
e x p la in  the  observed  o r i e n t a t i o n .
£+ iT +
+ CH2 = CH —► C02Me -------- ► CH2 -  CH(H02 ) . C02Me
X
P ro d u cts .
S im i la r ly ,  an i o n i s a t i o n  o f  n i t r y l  c h lo r id e  to N02“ an-
Cl , shown by Batey and S i s l e r  to be as ready as th a t  
+ ■» Qto  N02 and Cl” , n o t  on ly  does n o t  e x p la in  the  
observed  o r ie n t a t i o n  w ith  s im ple  o l e f i n s ;  but does  
not e x p la in  why, in  a d d i t io n s  to a c r y l i c  sy s tem s , no 
a - c h lo r o - p - n i t r l f c a -  or (3-hydroxypropionate i s  formed. 
Hence, because  o f  the  i n s e n s i t i v i t y  o f  o r i e n t a t i o n  to 
e le c tr o m e r ic  e f f e c t s ,  and because o f  the s l i g h t  
t e lo m e r i s a t io n  observed in  a c r y l i c  sy s te m s , S ch ech ter  
and h i s  f e l l o w  workers su ggested  th a t  "the a d d it io n  o f  
n i t r y l  c h lo r id e  to  a c r y l i c  system s (and p o s s ib ly  
v in y l  h a l id e s  and unsym metrical o l e f i n s )  in v o lv e s
6 pe s s e n t i a l l y  a h om oly tic  process"
I t  was t h e r e fo r e  o f  i n t e r e s t  to  study the r e a c t io n  
i n  p a r a l l e l  w ith  th a t  o f  d in i tr o g e n  t e t r o x i d e ,  s in c e  
i t  was l i k e l y  th a t  n i tr o g e n  d io x id e  r a d i c a l s  were a 
common in te rm e d ia te  in  each.
cycloH exene was clioeen as the o l e f i n  m o iety  in
order to  avo id  c o m p lic a t io n s  in tro d u ced  by c i s - i r a n s
isom erism  o f  the double-bond in  a c y c l i c  a lk e n e s .
cycloH exene had been shown by S te in k o p f  and Kilhnel
7 4 .
to  g iv e  2 - c h l o r o - l - n i t r o  c y c lo hexane 1 , when r e a c te d
w ith  n i t r y l  c h lo r id e ,  and P r ic e  and Sears have
shown t h a t  1 : 2 - d ic h lo r o c y c lo h exane and n i t r o s i t e  are
56a ls o  produced in  th e  r e a c t io n  . I t  seemed p o s s i b l e  
th a t  t h i s  d ic h lo r id e  was formed from c y c lo h exene  
and m o lecu la r  c h lo r in e  produced by the r e a c t io n
1. Cl. + .NOgCl --------> c i 2 + m 2
which has been shown to be a r a p id  r e a s t io n  in  the
79therm al decom p osit ion  o f  n i t r y l  c h lo r id e  . In  order  
to  m in im ise  t h i s  p o s s i b i l i t y ,  the  c o n c e n tr a t io n  o f  
n i t r y l  c h lo r id e  in  the  r e a c t io n  m ixture  was k e p t  as  
low  as  p o s s ib l e  by d i s t i l l i n g  i t  in t o  the s o l u t i o n  
o f  c y c lo h exene i n  e th e r .  However, as  w i l l  be shown 
l a t e r ,  i t  would appear th a t  the r e a c t io n  1 . s t i l l  occurred  
to  a c o n s id e r a b le  e x t e n t .  The products i s o l a t e d  and 
t h e i r  y i e l d s  (a s  molar p e r ce n ta g es )  are g iv e n  in  
Table IV.
TABLE IV
Compound . Y ie ld
2 - c h l o r o - l - n i t r o c y c lo h exane XXXV 4 1 .2
1 ; 2 - d ic h lo r o c.yclohexane XXXVI 2 6 .4
2 - c h io r o c y c lo h ex y l  n i t r a t e  XXVI 6 .5
2 - c h io r o c y c lo h exanol XXV 7 .7
2 - n i t r o c y o lo h exanol XX 5-4
1 - o h lo r o ~ 2 -n itr o  so cy c lo h exane dimer 2 .8
L - n i t r o - 2 - n i t r o  so c.yclohexane dimer 7*6
c y c lo h e x e n -5 - o l  XXXVIII 2 .7
T ota l y i e l d  based on n i t r y l  c h lo r id e  = 85$ .
As in  the d in itr o g e n  te tro x id e -b ro m otr ich lo rom eth a n e  
experim en t, the a n a l y s i s  was c a r r ie d  out m ain ly  by 
in f r a - r e d  sp ec tro m e tr ic  m ethods. The a lc o h o ls  
were removed from the m ixture by u s in g  t h e i r  
s o l u b i l i t y  in  w a te r , and the rem aining th r ee  l i q u i d  
components were e s t im a te d  from th e  in f r a - r e d  spectrum , 
which *is g iv en  in  Table V to g e th e r  w ith  th o se  o f  the  
pure components. The s te r e o c h e m is tr y  o f  the
M ixture
1637 m .s .  
1557 s .  
1450 m .s .  
1374 m .s .  
1352 m. 
1 3 3 6 ( s h .)
1 2 9 8 ( s h . )  
1280 m .s .  
1242 v .w .
1215 m. 
1204
1132 v .w .  
1118> w.
1008 w. 
982 w. 
951 w.
923 w. 
909 w.
rfO*
Cl
A
1557+v . s .
1450 m .s .  
1374 s .  
1352 m.
1 3 0 0  m.
1242 w. 
1220 v .w .
1206 v .w .
1118 w.
1008 *1000 w.
950 v .w .
923 w.
v_
0N 0Z
Cl 
B
I633"^*v.s. 
I 4 5 O m .s .
1338 w. 
1324 m.
1278 v . s .
1220 w.
1206 w.
1012 m.
949 m*
914 w.
cc
0
1448 m .s .
1360 v .w .  
1344 w.
1282 w. 
1262 v .w .
1210 ip.
1204
1139 v .w .
1122 v .w .
1008 w. 
981+m.
908 m.
AssiJ^nment
B
A
Common
A
A
B
A
B + C 
A
Common
C
A + C
Common
C
A + B 
A
C + B
TABLE V (contd.)
M ixture  
901 w.
872 m. 
858 m. 
844 m. 
819 w. 
811 w. 
7 5 8  ( s h . ) 
743 m .s .  
735 m .s .
694 m.
A
900 m.
810 m. 
7 5 8 ( s h .)  
747 m .s .  
735 m .s .
693 m.
B
8 9 4 ( s h . )  
874 s .  
857 s .  
844 s .  
819 v .w .  
808 w*
747 m.
713 w. 
696 m.
Key. v .  s .
s
m .s .
m.
w.
v .w .
C Assignm ent  
A + B
863 w.
843 m. 
819 m.
B
B + C 
B + C 
0 + B 
A + B 
A
742 m .s .  Common
736 m .s .  Common
696 m .s .  Common
£ v ery  s tr o n g  band 
= s tr o n g
= s l i g h t l y  s tr o n g e r  than medium 
= medium s tr e n g th  band 
= weak 
= very  weak
( s h . )  = sh ou ld er  (band n o t  r e s o l v e d ) .
Bands marked t  were used  fo r  q u a n t i t a t iv e  a n a l y s i s .
d i c h l o r i d e ,  a f t e r  i s o l a t i o n  by d i s t i l l a t i o n  and 
chromatography on s i l i c a - g e l ,  was e s t im a te d  by i n f r a ­
red m ethods. The iso m e r ic  c o m p o sit io n s  o f  the  2-  
ch loro  c.yclohexanol XXV and the  2 - n i  tro  cy c lo h exanol XX 
f r a c t i o n s  were a ls o  e s t im a ted  in f r a - r e d  s p e c t r o m e tr ic a l ly  
The r e s u l t s  o f  th e s e  th ree  e s t im a t io n s  are g iv en  in  
Table VI.
The observed produ cts  o f  the r e a c t io n ,  which are  
most e a s i l y  ex p la in ed  by a h om oly tic  mechanism, 
to g e th e r  w ith  the ev id en ce  o f  S ch ech ter  and h i s  
a s s o c i a t e s  c l e a r ly  shows th a t  the  r e a c t io n  i s  a f r e e -
IABLE VI
Compound c i s » tr a n s
2 -  ch i o ro cy c lo h ex an o l 809 38 .6
796 62 .3
2 - n i t r o  c.yclohexan o l 862 6 2 .3
l : 2 - d i c h i o r o cv c lo h exane 8 8 5  ^ no a b so rb t io n  d e te c te d
* c l  s - l t  2 - d i  ch i oro c.yclohexane absorbs s tr o n g ly  a t
QQC “1- 76885 cm . .
r a d ic a l  one. Now n i t r y l  c h lo r id e  has B ather a 
h igh  h e a t  o f  d i s s o c i a t i o n  f o r  the  n i t r o g e n - c h lo r in e
p robab le  th a t  the r e a c t io n ,  l i k e  th a t  o f  n i t r i c  ox id e  
and o l e f i n s ,  i s  c a ta ly s e d  by n i tr o g e n  d io x id e ,  which 
i s  formed during  the p r ep a ra tio n  o f  n i t r y l  c h lo r id e  and 
which i s  not r e a d i l y  removed. Hence the r e a c t io n  i s  
m ost probably o f  th e  r a d ic a l - c h a in  type; the  
i n i t i a t i n g  s te p  b e in g ,  as w ith  d in itr o g e n  t e t r o x i d e ,  
the  a d d it io n  of. n i t r o g e n  d io x id e  to the o l e f i n .
The chain  s t e p s  then in v o lv e  r e a c t io n  o f  t h i s  
r a d ic a l  w ith  n i t r y l  c h lo r id e  e i t h e r  a t  c h lo r in e  or  
a t  oxygen,
bond [D (NC>2 -  Cl) = 2 9 .5  K c a l ] ^  and so i t  seems 
u h l i k e l y  th a t  i n i t i a l  h om oly s is  to  •NO 2  and . 0 1  
proposed by S c h e c h t e r ^  o c c u r s .  I t  i s  much more
2
XXXV
NO. NO
ONO
XIX
g iv in g  e i t h e r  2 - c h l o r o - l - n i t r o  c y c lo h exane XXXV and 
a n i t r o g e n  d io x id e  r a d ic a l  to complete the c y c l e ,  
or 2 - n i t r o c y c lo h e x y l  n i t r i t e  XIX and a c h lo r in e  atom, 
I h i s  c h lo r in e  atom may then  e i t h e r  undergo r e a c t io n  1 . ,
!•  01 . + !T02C1 *  c i 2 + m 2
or a s s o c i a t e  w ith  a c y c lo h exene m olecu le  to  g iv e  a 
c h lo r o cy o lo h e x y l  r a d i c a l ,
4. c i  ♦
which can then  r e a c t  w ith  n i t r y l  c h lo r id e  in  r e a c t io n s  
analogous to  3 a and 3 b.
5a.
b.
+ ONO.
XXXVI
N-Cl
ONO
X X I V
That r e a c t io n  1 .  predom inates may he in f e r r e d  from 
the observed  s te r e o c h e m is tr y  o f  the  1 : 2 - d i c h l o r o c y c l o -  
hexane XXXVI i s o l a t e d .  I f  i t  were formed by the  
r a d ic a l  r e a c t io n  5 a one would ex p ect  i t  to have the  
same s te r e o c h e m is tr y  as th e  2 - ch 1  o ro c.yc.1 ohe x y l  n i t r i t e  
XXIV. As i t  does not do s o ,  i t  i s  more l i k e l y  th a t  
i t  arose  by h e t e r o l y t i c  ( t r a n s )  a d d it io n  o f  c h lo r in e ,  
produced by r e a c t io n  1 . ,  to  c y c lo h exene. Prom the  
r a t i o  o f  d ic h lo r id e  XXXVI to  the  sum o f  2 - c h lo r o c y c lo -  
hexanol XXV and 2 - c h lo r o c y c lo h ex y l n i t r a t e  XXVI i t  
would appear th a t  r e a c t io n  l .  i s  about tw ic e  as f a s t  
as r e a c t io n  4-. under the experim en ta l c o n d i t io n s .
The r a t io  o f  the  r a te  c o n s ta n ts i s  c e r t a i n l y  
c o n s id er a b ly  g r e a te r  than two because the  c o n c e n tr a t io n  
o f  n i t r y l  c h lo r id e  i s  very  low compared w ith  th a t  o f  
c y c lo h e x en e •
I f  the second s te p  in  the r e a c t io n  in v o lv e d  
r a d i c a l - r a d ic a l  com bination in s te a d  o f  a t r a n s fe r  s t e p ,
NO, NO,
NO. NO,
'NO;
XIX
ONO
XXXVI
XXIV
one would ex p ect  from r e a c t io n s  6 b and 7 b to  g e t  the  
a l t e r n a t e  p o s s i b i l i t i e s ,  as o ccu rs  w ith  c y c lo h exene
and ^2 ^ 4 49e
6 b . ( i i )
7 b . ( i i )
m
•NO,
NO*
NO,
XVIII
NO
XXXV
NO,
Of th e se  two r e a c t i o n s ,  6 b ( i i )  and 7 b ( i i ) ,  o n ly  the  
f i r s t  g iv e s  a product which does n o t  a r i s e  by some
o th e r  mechanism as w e l l ,  and hence would he 
d e t e c t a b l e .  ho tr a c e  o f  1 : 2 - d i n i t r o c.yclohexane  
XVIII, which i f  p r e se n t  would absorb a t  1134 and 
904cm~^, was found, which shows th a t  a r a d i c a l -  
r a d ic a l  a s s o c i a t i o n  s tep  i s  o f  l i t t l e  im portance.  
Although i t  must be adm itted  th a t  towards the end o f  
the r e a c t io n  an a p p r e c ia b le  c o n c e n tr a t io n  o f  d in i t r o g e n  
t e t r o x i d e ,  from r e a c t io n  1 . ,  must be p r e se n t .
The fo rm ation  of cyc l o h e x e n -3 -o l  XXXVIII 
probably o ccu rs  by the  a b s t r a c t io n  o f  an a l l y l i c  
hydrogen .^tom. from c y c lo h e x e n e , fo l lo w e d  by r e a c t i o n  
o f  the a l l y l i c  r a d ic a l  w ith  n i t r y l  c h lo r id e  or  
n itr o g e n  d io x id e  to g iv e  cyc lo h e x e n - 3 - .yl n i t r i t e  
XXXVII, which h y d r o ly se s  during the working-up.
•NO;
*
O N O
XXXVII
>
ONO OH
XXXVIII
S in ce  no c.yclohe x en -5 ~ o l  i s  formed in  the  r e a c t io n
o f  d in i t r o g e n  t e t r o x id e  w ith  c y c lo h e x e n e . i t  i s
most l i k e l y  th a t  the hydrogen a b s tr a c t io n  i s  performed
hy a c h lo r in e  atom. A p a r a l l e l  fo r  th e  r e a c t io n
may be found i n  th a t  observed  by Kooyman and
P a ren h orst ,  i n  which tr ic h lo r o m e th y l  r a d i c a l s
a b s tr a c t  a l l y l i c  hydrogen atoms from c y c lo h e x e n e ,
l e a v in g  an a l l y l i c  r a d ic a l  th a t  i s  s u f f i c i e n t l y
r e a c t i v e  to remove a c h lo r in e  atom from carbon  
4-5t e t r a c h lo r id e  .
The form ation  o f  *n i t r o s i t e *  can on ly  be e x p la in ed  
by the form ation  o f  n i t r i c  ox ide  during  the r e a c t i o n ,
1 c
fo l lo w e d  by i t s  a d d it io n  to  an a lk y l  r a d ic a l  . One 
source o f  n i t r i c  ox ide  form ation  may be the o x id a t io n  
o f  n i t r i t e  e s t e r s  to the correspond ing  n i t r a t e s ;
a  -  omo + n o 2 _____» bjoho2  + no
but t h i s  cannot be the  o n ly  source fo r  more n i t r o s i t e  
than n i t r a t e  e s t e r  i s  produced.
Formula Sheet fo r  Chapter
'NO,
a
NO ,
O N O
XXXV XIX XXXVI
O N O
XXIV
NO
NO
XVIII XXXVII
OH
XXXVIII
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CHAPTER 4
The S te re o ch em istr y  o f  R a d ic a l  A d d it io n
The Stereochemistry of Radical Addition
During the l a s t  th ree  y e a r s ,  a number o f  
s i g n i f i c a n t  papers have been p u b lish e d  on th e  problem  
o f  r a d ic a l  a d d i t io n  to o l e f i n s ,  and they  may r e a d i ly  
be sep ara ted  in t o  two groups: th o s e  which record
s t e r e o s p e c i f i c  a d d i t io n s ,  and th o s e  which r e p o r t  non-  
s te r e o  s p e c i f i c  a d d i t io n s .
The f i r s t  group has been the work o f  G-oering and 
h i s  c o l la b o r a t o r s  and commenced w ith  the p u b l i c a t io n ,  
m entioned in  the in t r o d u c t io n ,  o f  t h e i r  work on the
a d d it io n  o f  hydrogen bromide to  1 - s u b s t i t u t e d  c y c lo -
32hexenes  . T heir  p o s tu la t e  o f  a 3-membered, c o n f ig ­
u r a t io n  h o ld in g ,  r in g  type o f  in te r m e d ia te  seems 
u n ten ab le  in  the l i g h t  o f  th e  ev id en ce  o f  S te in m etz
and Noyes on the bromine atom c a ta ly s e d  i s o m e r is a t io n
75o f  c i s  and tran s  dibrom oethylene • They showed 
th a t  th e se  two o l e f i n s  are r e a d i ly  in te r c o n v e r te d  by 
bromine atom s, w ith a b a r r ie r  to  i s o m e r is a t io n  o f  not  
l e s s  than 3 k i l o c a l o r i e s .
T his was apparently  r e a l i s e d  by G-oering, fo r  when 
( in  1 9 5 5 ) he p u b lish ed  fu r th e r  ev id en ce  su p p ortin g  
the s t e r e o s p e c i f i c i t y  o f  the a d d it io n  o f  hydrogen
■bromide to  1 -h a lo  cyc loh exen e  s ^  , he on ly  b r i e f l y  
m entions r in g  form ation  a s  a p o s s ib l e  e x p la n a t io n ;  
and advances the  h y p o th e s is  t h a t ,  owing to d i p o l e -  
d ip o le  i n t e r a c t i o n ,  the more s t a b le  conform ation  o f  
the r a d ic a l  XXXIX, formed by th e  a d d it io n  o f  a 
bromine atom to a 1 - s u b s t i t u t e d  c y c lo h e x e n e , may be 
th a t  in  which the bromine a t  0 2  i s  a x i a l l y  and the  
h a lo gen  a t  Cl e q u a to r ia l l .v  o r ie n te d  XL. T h is  
e x p la n a t io n  however i s  not n e c e s s a r i l y  v a l id  f o r  
1 -m e th y lc y c l oh ex en e , where th e r e  i s  no d ip o le  i n t e r a c t io n .
XL more s ta b le  than XLI.
G-oering a lso  advances the h y p o th e s is  th a t  th e  
r a d ic a l  XL i s  the one th a t  i s  f i r s t  formed by the  
a d d it io n  Of a bromine atom, and th a t  i t  r e a c t s  more 
r a p id ly  than i t  in v e r t s  to XLI, which amounts to
P-L
k i n e t i c  c o n tr o l  o f  th e  p rod u cts .  I t  can r e a d i l y
be seen  th a t  Goering had thus proposed the on ly
three  p o s s ib l e  e x p la n a t io n s  fo r  the  s te r e o c h e m is tr y
o f  r a d ic a l  a d d i t io n  i . e .  a n o n - e l a s s i c a l  r a d i c a l ,
thermodynamic c o n tr o l  and k i n e t i c  c o n tr o l .
About the same time a s  t h i s ,  Khan r e p o r te d  th a t
n i t r o g e n  d io x id e  was an a c t iv e  agen t fo r  the
42i s o m e r i s a t io n  o f  a l i p h a t i c  double-bonds , and 
p o s tu la te d  the r e v e r s i b l e  form ation  o f  an o l e f i n -  
r a d ic a l  TTcomplex which perm itted  f r e e  r o t a t i o n .
Thus a s i t u a t i o n  aro se  where th e se  two workers each  
p o s tu la te d  an o l e f i n - r a d i c a l  TTcomplex, one g iv in g  
the complex the p rop erty  o f  f r e e - r o t a t i o n ,  and the  o th e r  
th a t  o f  c o n f ig u r a t io n  r e t e n t i v i t y .  I t  would th e r e fo r e  
seem th a t  such a n o n - c l a s s i c a l  r a d ic a l  has no e x i s t e n c e ,  
and th a t  Khanls r e s u l t s  are due to the r e v e r s i b i l i t y  
o f  the i n i t i a l  radical- a d d it io n  s t e p .  This i s  in  
accord w ith  the r e s u l t s  o f  S i v e r t z ,  Andrews, E lsdon  
and Graham, who found th a t  the r a d ic a l  a d d i t io n  step  
in  the  r e a c t io n  o f  hydrogen bromide and o f  t h i o l s  
w ith  o l e f i n s  was r e v e r s i b l e  and n o t  r a t e  d e term in in g  .
RS. + >G = RS -  C -  0 <
x  A
Although r e c e n t  ev id en ce  p resen ted  by Hammond,
Boozer and t h e i r  a s s o c i a t e s  would in d ic a t e  th e
p o s s i b i l i t y  o f  the form ation  o f  a l o o s e  7T complex
37between r a d i c a l s  and arom atic  system s , the  r e s u l t s
o f  G-oering and h i s  c o l le a g u e s  on the a d d it io n  o f
34.t h io a c id s  to  1 - c h io r o c y c lo h exene  ^ f i n a l l y  ex c lu d e  
the  p o s s i b i l i t y  o f  a three-membered r in g  in te r m e d ia te ;  
f o r  one would exp ect  th a t  a su lphur atom, h av in g  
more e le c t r o n s  and o r b i t a l s  a v a i l a b l e ,  would form such 
an in te r m e d ia te  more r e a d i ly  than brom ine, whereas  
th e  observed  s t e r e o s p e c i f i c i t y  i s  c o n s id e r a b ly  l e s s  
than th a t  f o r  hydrogen bromide. Goering and h i s  
a s s o c i a t e s  found th a t  in  a d d it io n s  o f  th io p h e n o l ,  
hydrogen su lp h id e  and t h i o l a c e t i c  a c id  to 1 - c h l o r o -  
c y c lo h exene the amount o f  c i s  a d d i t io n  ( tra n s  product)  
observed  was 5 , 1 4 - and 3 4 i° r e s p e c t i v e l y ;  r e s u l t s  in
Q A
accord with th o se  o f  Bordwell and H ew itt on the  
a d d it io n  o f  t h i o l a c e t i c  a c id  to 1 -m e th y lc y c lo h exene  
and 1 -m e th y lc.yclope n te n e , i n  which r e s p e c t i v e l y  1 5  
and 2 5 o f  c i s  a d d it io n  took p la c e .
Goering e x p la in s  th e se  r e s u l t s  by e la b o r a t in g  h i s  
previous, p o s tu la t e  o f  k i n e t i c  c o n tr o l .  He argues  
th a t  the r a d ic a l  f i r s t  formed w i l l  have the  e n te r in g
group a x i a l  XLII and that; t h i s  r e a c t s  more r a p id ly  
than i t  i s o m e r is e s  to th e  e q u a to r ia l  form XLIII.
XLII X L III SR
SR
For the form XLII th ere  i s  a s t e r i c  advantage to
approach o f  ESH, in  th e  t r a n s f e r  s t e p ,  to g iv e  t r a n s -
a d d i t io n ,  whereas XLIII g iv e s  c i s  and tra n s  a d d i t io n
p rod u cts  e q u a l ly  r e a d i l y .  S in ce  he observed  some
c i s  a d d i t io n ,  G-oering sa ys  t h a t  the  im portant f a c t o r
i s  r a d ic a l  l i f e t i m e ,  because  in c r e a se d  time b e fo re
r e a c t io n  l e a d s  to  g r e a te r  r in g  in v e r s io n  to  form X L III,
and p o in ts  out th a t  when the r a t i o  o f  addendum to
s u b s tr a te  i s  in c r e a s e d ,  the  percentage  o f  tra n s  a d d it io n
in c r e a s e s .  However, he d oes  not e n t i r e l y  abandon 
the  id e a  th a t  the r a d ic a l  XLII may be more s t a b le  than
XLIII.
In a r e c e n t  n o t e ,  Goering and Larsen have rep o rted  
th a t  in  hydrogen bromide s o lu t io n  the a d d it io n  o f  
hydrogen bromide to t r a n s - 2-bromobutene-2 XLEV g iv e s
almost exclusively dl-2:3-dibromobutane XLV, the
product o f  tran s a d d i t io n ,  and c i s - 2 -brom obutene- 2
36XLYI g i v e s ,  s i m i l a r l y ,  m eso-2:3~dibromobutaney-: ^
GH„ H Cff^. y E
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W hile , a t  f i r s t  s i g h t ,  t h i s  i s  d e f i n i t i v e  ev id en ce  in  
favour o f  k i n e t i c  c o n t r o l ,  y e t  i t  can r e a d i l y  be seen  
th a t  the experim en ta l c o n d it io n s  were the  most fa v o u ra b le  
p o s s ib l e  fo r  en su r in g  th a t  the t r a n s fe r  s te p  ( 1 ) was
>C.Br -  C< + HBr --------» >C.Br -  CH< + Br* ( l )
ex trem e ly  r a p i d ,  p o s s i b l j  due t o  o l e f i n - a c i d  7T c om plex i iy
The r e s u l t  would not th e r e f o r e  app ly  to  th e  g en era l  
ca se ;  in d eed  Goering has shown th a t  i n  the  a d d i t io n  
o f  hydrogen bromide to 1 -bromoc y c lo h exene th e re  
i s  e s s e n t i a l l y  no o l e f i n - a c i d  complex
Of the ev id en ce  in  regard to f r e e - r a d i c a l  a d d i t io n  
r e a c t io n s  which are n o n - s t e r e o s p e c i f i c , th e  f in d in g s  
o f  Campbell and h i s  c o l le a g u e s  and o f  Freeman and
Emmons on the a d d i t io n  o f  d in i t r o g e n  t e t r o x i d e  to
20 30a c e t y l e n e s  has a lre a d y  been m entioned 9 • The
rem ainder o f  th e  ev id en ce  has been the work o f  S k e l l  
and h i s  a s s o c i a t e s .  S k e l l  and Woodworth have 
examined the l i g h t  c a ta ly s e d  a d d it io n  o f  b ro m o tr ich lo ro -
r r r j
methane to c i s  and tra n s  butene - 2  and found t h a t ,  
under c o n d it io n s  where c i s - tr a n s  i s o m e r is a t io n  did  
not tak e  p la c e ,  the same d ia s te r e o m e r ic  m ixture  o f  
1 : 1  adduct was ob ta in ed  from each o l e f i n ,  i n d ic a t in g  
th a t  the in te rm e d ia te  r a d ic a l  CH^.CH(CCl^). Cff.CH  ^
had s u f f i c i e n t  tim e to  reach e q u il ib r iu m  among i t s
p o s s i b l e  c o n f ig u r a t io n s .  In an e x te n s io n  o f  t h i s
work, S k e l l ,  Woodworth and McNamara have found th a t
the  a d d i t io n  o f  benzenesu lp hon y l io d id e  to c i s  and
71tr a n s  b u ten e - 2  a lso  g iv e s  a m ixture  o f  isom ers , and 
th a t  in  the c o p o ly m er isa t io n  o f  c i s  and t r a n s - butene .-2
w ith  sulphur d io x id e ,  a r a d ic a l  p r o c e s s ,  the same
72 72polymer i s  ob ta in ed  from each o l e f i n  . S k e l l
s t a t e s  t h a t ,  for  r a d i c a l s  h ig h er  than m eth y l,  he
would ex p e ct  the conform ation to be th a t  o f  a low
pyramid, due to non-*bonded i n t e r a c t i o n s ,  and con c lu d es
th a t  the r a te  o f  r a c e m isa t io n  o f  such a r a d i c a l ,  by
ammonia l i k e  in v e r s io n ,  i s  co n s id er a b ly  g r e a te r  than
the r a te  of r e a c t io n  o f  e i t h e r  h i s  growing chain
r a d ic a l  w ith  sulphur d io x id e  or o f  CH^.OH(BsO).GH.OH^
w ith  benzene su lph onyl io d id e .
An exam ination o f  the r e s u l t s  o f  a l l  the  above 
work to g e th e r  w ith  th a t  on the a d d i t io n  o f  d in i t r o g e n  
t e t r o x id e  and n i t r y l  c h lo r id e  to o l e f i n s  ( summarised 
in  Table VII) r e v e a ls  one s t r i k i n g  f a c t ;  namely th a t  
whereas w ith  t r i s u b s t i t u t e d  o l e f i n s  n e a r ly  s t e r e o s p e c i f i c  
tra n s  addition- i s  o b serv ed , w ith  d i s u b s t i t u t e d  o l e f i n s  
a m ixture of c i s  and tra n s  isom ers i s  o b ta in ed . Of 
the e x p la n a t io n s  so fa r  advanced, none ta k es  cognis^ance  
o f ' t h i s  f a c t ,  and none alone s a t i s f a c t o r i l y  e x p la in s  why 
the s u b s t i t u t i o n  of m ethy l  fo r  hydrogen should so 
profoundly  a f f e c t  the s te r e o c h e m is tr y .
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1ABLE VII
O le f in Adduct I n i t i a t o r
fo o f  tra n s  
a d d i t io n R eferen ce
1 -M eth y l-
cyc loh exen e HBr Br ca . 1 0 0 52
1-Bromo- 
cy c loh exen e HBr Br 9 9 .5 5 2 ,5 5
l~O hloro
cyclohexen e HBr Br ■ 9 9 .7 55
» PhSH PhS 94-99 54
tt H2S HS 8 6 -9 2 .5 54
w OH,.0 0 .S H CH^Oo.S 66-75 54
cycloHexene H2°4 H0 2 58 I h i s  work
it NOgCX Cl 62 it
ti uo2ci N02 62 n
1 -M eth y l-  
cy c lohexene N2°4 no2 98
i»
sy c lo P e n te n e W2°4
<MO£3 84 it
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As i t  was p o in ted  out in  th e  in t r o d u c t io n ,  th e  
s p a t i a l  conform ation  o f  the f r e e - r a d i c a l  c e n tr e  must 
p la y  an im portant p a r t  in  the d e ter m in a t io n  o f  the  
r e s u l t a n t  s t e r e o c h e m is t r y , and s in c e  th e re  i s  s t i l l ,  
some u n c e r ta in ty  reg a rd in g  t h i s ,  the im p l ic a t io n s  
o f  b o th  a p lan ar  and a pyramidal r a d ic a l  w i l l  be 
d is c u s s e d .
I f  one considers; the a d d i t io n  o f  a s p e c i e s  XY to  
a c y c lo h exene d e r i v a t i v e ,  and assumes th a t  the r a d ic a l  
produced by a d d it io n  o f  X i s  p la n a r ,  and th a t  X has  
approached the double-bond from the d i r e c t io n  which  
a l lo w s  o f  maximum o v er la p  on th e  T T e le c tr o n  c lo u d ,
I . e .  a x i a l l y ,  the r a d ic a l  f i r s t  produced w i l l  be 
XLYIII,
XLVIII
X
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which can e i t h e r  r e a c t  w ith  XY (or  X) to  g iv e  
p ro d u ct ,  or can undergo a r in g  in v e r s io n  to  XLIX.
In  the form XLVIII th ere  i s  a marked s t e r i c  advantage  
fo r  the consummating m o lecu le  (or  r a d ic a l )  to  approach  
from the s id e  remote from th e  group X, le a d in g  to  
t r a n s  a d d i t io n  o f  XY; whereas fo r  form XLIX th e re  i s  
no favoured  s id e  fo r  approach, but i f  a t ta c k  i s  from, 
above ( i n  the f ig u r e )  , the group R must p ass  through a 
p o s i t i o n  in  which i t  i s  t o t a l l y  e c l ip s e d  by X i n  the  
t r a n s i t i o n  s t a t e ,  and hence a t ta c k  from below  i s  more 
l i k e l y  to  su c c e e d ,  le a d in g  to  a s l i g h t l y  favoured  c i s  
a d d i t io n .  [The f i g u r e  h  g iv e s  a diagrammatic v iew  
o f  form XLIX view ed a lo n g  the C-^  -  Cg bond].
H
o '
- 0
H
Hence i f  r in g - in v e r s i o n  were a rap id  p r o c e ss  one would  
ex p ect  c o n s id e r a b le  amounts o f  c i s  a d d i t io n .  How 
f o r  R= Methyl one must assume th a t  r in g - in v e r s io n  i s  
s low  compared w ith  r e a c t i o n ,  whereas fo r  R= Hydrogen
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i t  must be a c o m p e t it iv e  s te p  in  order to e x p la in  
the observed  r e s u l t s .  S in ce  one would e x p e c t  mo 
d i f f e r e n c e  i n  the  r a t e s  o f  r e a c t i o n  to  g iv e  product  
betw een it = Me and R = K, one must p o s t u la t e  a 
d i f f e r e n c e  in  the r a t e s  o f  in v e r s io n  XLVIII XLIX 
betw een R = Me and R = H. T h is  d i f f e r e n c e  i n  r a te  
m ight be a t t r ib u t e d  to th e  i n t e r a c t io n  o f  the  group 
X w ith  the  group R i n  form XLIX when R = Me. Table  
V III  g iv e s  the d i s t a n c e s  between X and R, as  measured 
on s c a le  m odels , fo r  form XLIX.
TABLE V III
Groups d i s ta n c e  ^ v a n  der Waals c  100 r9\
ob served  (1 ) r a d i i  ( 1 ) 1 ? 0  . ^
3 .0 $
2 .9  
2 .7  
2 .6
Br -CE3 3 .2 5 3 .9 5
B r--- --CL 3 .0 5 3 .7 5
o 2 s r - -•CH, 1 P 3 .0 3 .5
0 N0 ~-
1
-CH, 1 5 2 . 5  mln. 3 .4
3 .4 5  max.
The f ig u r e  ^ x  100 /130  r e p r e s e n ts  the d is ta n c e  to  which 
the van der Waals en v e lop es  can in t e r p e n e t r a te  b e fo re  
in t e r f e r e n c e  becomes s e v e r e .  I t  can be seen  th a t  a
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c e r ta in  amount o f  i n t e r f e r e n c e  i s  ob served , which
w i l l  undoubtedly  a f f e c t  the r a te  o f  in v e r s io n
XLVIII XL12 ; but i t  seems u n l ik e l y  t h a t  t h i s  i s
s u f f i c i e n t l y  g r e a t  to account f o r  the ob served
d i f f e r e n c e  in  s t e r e o s p e e i f i c i t y  o f  ca . 6 0 $  tr a n s
f o r  R = H and ca . 100$ tran s  fo r  R = Me,01. Hence
t h i s  e x p la n a t io n  in v o lv in g  a p lan ar  r a d ic a l  can be
seen  to s u f f e r  from a sev ere  d isa d v a n ta g e .
A c o n s id e r a t io n  o f  the s te r e o c h e m is tr y  o f  a
r a d ic a l  l e a d s  one to the c o n c lu s io n  th a t  an odd-
2d le c tr o n  i s  probably e q u a l ly  s t a b le  in  an sp or in
3
an sp o r b i t a l ,  and hence w i l l  take up th a t  form in
which th e  non-b.onde& in t e r a c t io n s  are m inim ised; f o r
38althou gh  a methyl r a d ic a l  i s  p lan ar  or n e a r ly  so , 
the b i r a d ic a l  e x c i t e d  s t a t e  o f  form aldehyde LI i s  
th a t  o f  a low pyramid w ith  a s ta g g e re d  e t h a n e - l ik e  
s t r u c t u r e '^ 3'.
L I
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Hence one would ex p ect  any form such as XLIX, in  
which th e r e  i s  a non-bonded i n t e r a c t i o n  between  
R and X, to bend so as to  r e l i e v e  the s t r a i n .  Any 
such bend ing  towards a pyramidal r a d ic a l  would thus  
d im in ish  a d i f f e r e n c e  in  s t a b i l i t y  between R = H 
and R = Me in  form XLIX, and hence a l s o  d im in ish  
any d i f f e r e n c e  i n  the  r a t e s  o f  in v e r s io n .
One must th e r e f o r e  c o n s id er  the p o s s i b i l i t y  th a t  
the r a d ic a l  XLVIII, produced by a d d it io n  o f  X to  th e  
c y c lo h exene d e r i v a t i v e ,  i s  pyram idal. In  t h i s  case  
i t  seems l i k e l y  t h a t ,  a t  the same tim e as  the group 
X a t ta c k s  the  double-bond a x i a l l y ,  the odd-ele  c tro n  i s  
1 squeezed o u t r in  the  o p p o s ite  a x i a l  p o s i t i o n  g iv in g
the r a d ic a l  L I I ,
v & l'c « .f 'C < n tr c
inversion
LII LIV
L II I LV
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which can e i t h e r  undergo r in g  in v e r s io n  to L III  or  
r a d ic a l - c e n t r e  in v e r s io n  to  LIY. One can now 
p o s t u l a t e  th a t  r in g - in v e r s i o n  i s  o f  comparable speed  
f o r  b o th  R = Me and R = H, and th a t  i t  i s  s low  
compared to r e a c t io n  w ith  XY (or«Y ). One can a l s o  
p o s t u la t e  th a t  the r a t e  o f  r a e e m is a t io n  a t  the  
r a d ic a l  c e n tr e  ( i . e *  LII LIY or L II I  — LY) i s  
o f  comparable d im ensions fo r  R  = H and R = Me and 
th a t  i t  i s  f a s t  compared w ith  any o th e r  s t e p .  The 
d i f f e r e n c e  i n  s te r e o c h e m is tr y  w i l l  then depend on the  
r e l a t i v e  p ro p o r t io n s  o f  the  two forms LII and LIV.
Row, fo r  R  = H ,  th ere  w i l l  b e  l i t t l e  d i f f e r e n c e  in  
the s t a b i l i t y  o f  the  two form s, s in c e  n e i t h e r  hydrogen  
(L iv in o r  the o d d - e l e c t r o n ( L I I ) w i l l  meet any l : 3 - d i a x i a l  
non-bonded i n t e r a c t io n .  However, fo r  R  = M e,C l, th ere  
w i l l  be a c o n s id er a b le  d i f f e r e n c e  in  the s t a b i l i t y  o f  
the two form s, because  in  LIY the la r g e  group R  w i l l  
meet an ap p rec ia b le  l : 3 ~ d ia x ia l  i n t e r a c t io n  which  
w i l l  d im in ish  the s t a b i l i t y  o f  t h i s  form. I t  seems . 
l i k e l y  th a t  t h i s  w i l l  b e  s u f f i c i e n t  to  d r iv e  th e  
e q u il ib r iu m  over in  favour o f  form LII to such an 
e x te n t  th a t  tra n s  a d d it io n  occu rs  a lm ost e x c l u s i v e l y .
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In f a c t  i t  may be th a t  the r a d ic a l  LIV, i n  d im in ish in g  
i t s  non-bonded i n t e r a c t i o n s , becomes p la n a r ,  the  
e q u il ib r iu m  fo r  r a d i c a l - i n v e r s i o n  thus l y i n g  between  
the forms LII and XLVIII, and n o t  between LII and LIV, 
when E = Me. Hence fo r  c y c l i c  system s a t  l e a s t  t h i s  
e x p la n a t io n  a g r ee s  w ith  th e  observed  f a c t s .
For th e  a d d it io n  o f  thiocompounds one must 
p o s t u la t e  th a t  the  s te p  in v o lv in g  r e a c t io n  w ith  RSH 
is .  s lo w er  than fo r  hydrogen bromide or d in i t r o g e n  
t e t r o x i d e ,  and hence the r in g - in v e r s io n  i s  a b le  to  
compete w ith the t r a n s f e r  s t e p , r e s u l t i n g  i n  more c i s -  
a d d i t io n .
That some r a d ic a l  r e a c t io n s  are com p arative ly
slow  can be in f e r r e d  from the r e s u l t s  o f  C vetanovic
on the  a d d it io n  o f  e x c i t e d  ( b i r a d ic a l )  oxygen atoms 
24to c i s  b u ten e-2  . H is r e s u l t s  are summarised below ,
3
C“ H
‘c = c + o  ►< rr— rr‘
CH^.GO.CH^CHj 28 fo
(CH3 ) 2 .CH.CH0 22$
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and in d ic a t e  t h a t  th e  in te r m e d ia te  b i - r a d i c a l
C H ^ . C H . b a d  s u f f i c i e n t  time to r o ta te ,  dr undergo
m ig rS tio n  s t e p s  b e fo r e  r e a c t in g  in t r a m o le c u la r ly .
The r e a c t io n  o f  m ethylene and s u b s t i t u t e d  m eth y len es
p r o c e s s ,  in v o lv in g  the a d d it io n  o f  a b i - r a d i c a l  to  a 
double-bond. However in  c o n tr a s t  to th e  r e a c t io n  
above, the a d d it io n  o f  m ethylene i s  a s te r e o  s p e c i f i c
The r e a c t io n  i s  a very rapid o n e , and i t  may e i t h e r  be 
c o n c e r te d , the r e a g e n t  adding s im u lta n e o u s ly  to  both  
ends o f  the  double-bond, or s t e p w is e ,  g iv in g  an 
in te rm e d ia te  b i - r a d i c a l ,  fo l lo w e d  by rapid  r in g - c l o s u r e .  
However i t  seems u n l ik e ly  th a t  any experim ent  
s u f f i c i e n t l y  d e l i c a t e  to  d i s t i n g u i s h  between th e se
w ith  o l e f i n s 2 5 , 2 6 , 2 7 , 6 8 , 6 9 , 70 ,7 3 may a lso  be a r a d ic a l
g iv in g  e x c l u s i v e l y  c i s - a d d i t io n
2 ■»
CF CH
H1 CE I -OH
+ :CE2
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two a l t e r n a t i v e s  w i l l  be d e v ise d  w ith in  the  f o r e s e e a b le  
f u t u r e .
For c y c lo p entene  system s the ab ove . e x p la n a t io n  fo r  
c y c lo h exene d e r iv a t i v e s  a lso  a p p l i e s .  For i f  th e  
r a d ic a l  LVI, produced by a d d i t io n  o f  X* to a c.yclopentene  
d e r i v a t i v e ,  m in im ises  i t s  non-bonded i n t e r a c t i o n s ,  i t  
w i l l  assume a p lan ar  form LVII a t  the r a d ic a l  c e n tr e .
This i s  because i n  c y c lo p e n ta n e , b e in g  n e a r ly  p la n a r ,  
the carbon-hydro gen bonds are e c l ip s e d  round the  
m o le c u le ,  and a p lan ar  r a d ic a l  w i l l  r e l i e v e  two such  
bond e c l i p s e s .  S c a le  models show th a t  a p lan ar  
r a d ic a l  o f  t h i s  type has a s l i g h t  s t e r i c  p r e fe r e n c e  
fo r  a t ta c k  from the s id e  remote from the i n i t i a l l y  
i n s t a l l e d  group X, and t h i s  i s  s u f f i c i e n t  to  account  
fo r  the  preponderance o f  t rans a d d it io n  ob serv ed .
While not s t r i c t l y  r e l e v a n t ,  a fu r th e r  i n t e r e s t i n g  
example o f  a s t e r e o s p e c i f i c  r a d ic a l  a d d i t io n  r e a c t io n
X
H
X
LVI LVII
£7
has r e c e n t l y  been r ep o rted  by Kharasch and h i s  
c o -w o r k e r s ^ .  The a d d it io n  o f  hydrogen bromide to
3 -bromoc y c lo h exene y i e l d s  e x c l u s i v e l y  t r a n s - 1 ; 5 -  
dibromo c.yclohexane LV III,
*HBv
"Bv
LV I I I
I t  can r e a d i ly  be seen  th a t  a f t e r  th e  a d d i t io n  o f  the  
i n i t i a l  bromine, i t  m a tter s  l i t t l e  whether the 
consummating hydrogen adds in  a c i s  or a tra n s  
r e l a t i o n  to i t ,  f o r  the s te r e o c h e m is tr y  has a lre a d y  
been determ ined LIX, LX.
L IX LX
68
Hence to e x p la in  the s t e r e o s p e c i f i c i t y  o f  the  r e a c t i o n ,  
one must seek  a reaso n  fo r  an i n i t i a l  tra n s  a d d i t io n  
o f  bromine. S c a le  m odels show th a t  i f  the bromine 
a t  th e  3 - p o s i t i o n  i s  occupying the more s t a b le  
p s e u d o -e q u a to r ia l  p o s i t i o n  in  the  i n i t i a l  c y c lo h exene  
d e r iv a t iv e ( iX I )  , th ere  i s  a s t e r i c  advantage fo r  th e  
bromine atom to a t ta c k  tra n s  to i t ;  and any 
e l e c t r o s t a t i c  e f f e c t  th a t  may be o p e r a t in g  w i l l  tend  
to enhance the b ia s  towards tra n s  a d d i t io n .
LXI
Should , on the o th e r  hand, the bromine a t  be 
occu pying  the p s e u d o -a x ia l  p o s i t i o n ,  then  th ere  i s  
an extrem ely  stron g  s t e r i c  advantage in  favour  o f  
a d d it io n  tran s  to i t .
In c o n c lu s io n  i t  must be adm itted  t h a t ,  w h ile  the  
h y p o th e s is  advanced above fo r  the  s te r e o c h e m is tr y  o f
r a d ic a l  a d d i t io n  r e a c t io n s  e x p la in s ,  fo r  c y c l i c  
sy s tem s , the observed  r e s u l t s ,  i t  i s  not w h o lly  
s a t i s f a c t o r y ,  and s u f f e r s  from the d isad v an tage
th a t  i t  i s  n o t a p p l ic a b le  to a c y c l i c  systems#
/
I t  i s  o b v iou s  th a t  more i n v e s t i g a t i o n  i s  r e q u ir e d ,  
in  p a r t i c u la r ,  to  t r y  to determ ine the r a te  o f  
r in g - in v e r s i o n  in  c y c lo h exane d e r iv a t i v e s  and th e  
r a te  o f  r a c e m is a t io n  o f  f r e e - r a d i c a l  c e n tr e s ;  but  
i t  i s  d i f f i c u l t ,  a t  t h i s  s t a g e ,  to see  any method 
whereby such in fo rm a tio n  can be o b ta in ed .
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CHAPTER 5^
Experim ental
R eagents
D in itr o g e n  T etrox id e
I t  i s  e s s e n t i a l  th a t  t h i s  he p u r e ^ .  j t  was 
prepared , as  i t  was r e q u ir e d , by the thermal 
d ecom p osit ion  o f  le a d  n i t r a t e .
Pb(E03 ) 2  ► PbO + N204 + i 0 2
ARALAR le a d  n i t r a t e  was ground up f i n e l y ,  d r ie d  
i n  a i r  a t  15Q to 1 6 0 ° ,  mixed w ith  ca . 5 t im es i t s  
b u lk  o f  c le a n ,  dry s i l v e r  sand (to  a id  smooth 
decom p osit ion ) and heated  in  a furnace to  ca . 500°C.
The d in i t r o g e n  t e t r o x id e  evo lved  was c a r r ie d  out o f  
the  furnace  v e s s e l  in  a stream o f  dry oxygen, passed  
over  phosphorus pentox id e  and c o l l e c t e d  a t  - 8 0 ° .  The 
d in i t r o g e n  t e t r o x id e  was p u r i f ie d  by rep ea ted  d i s t i l l a t ­
io n  over phe-sphorus p entox id e  in  a cu rren t o f  oxygen, 
u n t i l ,  on condensation  a t  - 8 0 ° ,  i t  was ob ta in ed  as a 
c o lo u r le s s  c r y s t a l l i n e  s o l i d .  Traces o f  d in it r o g e n  
t r i o x i d e  g iv e  r i s e  to  a marked b lu e  c o lo u r .
R i t r y l  Chloride
This was prepared by the  r e a c t io n  o f  c h lo r o -  
su lp h o n ic  a c id  w ith  anhydrous n i t r i c  a c id  .
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30$ Oleum (3 2 .3  g . )  was added dropw ise, w ith
c o o l in g  and s t i r r i n g  to fuming n i t r i c  a c id  (20 g. ) .
O hlorosu lphonic  a c id  (1 8 .5  m l .)  was then added dropwise
w ith  c o o l in g  and s t i r r i n g .  The n i t r y l  c h lo r id e  was
evo lved  as  a c o lo u r le s s  gas and c o l l e c t e d  in  a trap
a t  - 8 0 ° .  I t  was p u r i f ie d  by d i s t i l l a t i o n  over
phosphorus pentoxide in  a stream o f  dry oxygen. The
in f r a - r e d  a b sorb tio n  spectrum ( i n  OCl^) showed t h a t
18 61n i t r o s y l  c h lo r id e  was absen t ’ . The u l t r a v i o l e t
a b so rb tio n  spectrum was c o n s i s t e n t  w ith  the p resen ce
•z
o f  1 -2 $  o f  ch lor in e  and n itr o g e n  d io x id e .  The p a le  
y e l lo w  co lou r  o f  the l iq u i d  would seem to  confirm t h i s .
Ether
I n i t i a l l y  a n a e s t h e t ic  e th er  was used . T his was 
d r ied  over  calcium  c h lo r id e  and sodium w ir e ,  d i s t i l l e d  
from phosphorus p e n to x id e ,  and s to r ed  over f r e s h  
sodium w ir e .  L a t t e r ly  commercial anhydrous e th e r  
(M and B) was d r ied  over sodium w ire and used w ith ou t  
fu r th e r  p u r i f i c a t i o n .
c v c lo Hexene
Commercial c y c lo h exene was d i s t i l l e d ,  the f r a c t io n  
b o i l i n g  80 -84 °  b e in g  fu r th e r  p u r i f i e d .  This f r a c t io n
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was r e f lu x e d  over  cupric  s t e a r a t e 5 1 , to decompose 
p e r o x id e s ,  u n t i l  th ere  was no fu r th e r  r e a c t io n ,  and 
then d i s t i l l e d  in  a n i t r o g e n  atm osphere, F r a c t io n a t io n  
from sodium, in  n i t r o g e n ,  gave c y c lo h exene b . 8 2 . 4 - 8 2 , 5 ° 9 
which was tr e a te d  once more w ith  cu p r ic  s t e a r a t e  and 
d i s t i l l e d  i n  n i t r o g e n .
1 - Me thy 1 c.y c l  ohe xene
T h is  was prepared by the method o f B a r t l e t t  and 
Rosenwald^.
R e d i s t i l l e d  cy c ld h exanone (200 g, , 2 .moles) in  
e th e r  was added to  m ethyl magnesium io d id e ,  prepared  
from m ethyl io d id e  (284 g . 2 m oles) and magnesium 
(48 g . , 2 m o le s ) ,  in  e th e r .  ' The r e s u l t i n g  crude 
a lc o h o l  was d i s t i l l e d ,  some dehydration  tak in g  p la c e .
The m ixture o f  a lc o h o l  and o l e f i n  was then f r a c t io n a t e d ,  
a l i t t l e  io d in e  having been added to c a ta ly s e  d e h y d r a t io n .  
The f r a c t i o n  b. 100-112° was c o l l e c t e d  and the water  
sep a ra ted . The crude 1-me t h y l cy c lo h e xene was 
e x tr a c te d  w ith  b i s u lp h i t e  to remove ketone  (shown to  
be p r e se n t  by in f r a - r e d  sp e c tr o m e tr y ) , washed w ith  
w ater and d r ie d .  I t  was then r e f lu x e d  w ith  cu p r ic  
s t e a r a te  ( to  d estro y  p ero x id es)  and f r a c t io n a te d  from
sodium, in  n i t r o g e n ,  to  g iv e  1 -m eth y lc y c lo h exdne 
(70 g * , 0 .7 3  mole) b .  107*4-108° /7 5 0  m.m.
1 .4 5 4 2 .  G-oering g iv e s  b .  1 0 8 .4 - 1 0 8 .7 ° .  
n251 .4 4 7 8 3 2 .
cy c .1 oPentene
T h is  was prepared by r e d u c t io n  o f  c y c lo p entanone
52fo l lo w e d  by d ehyd ration , c f .  McGasland and Smith .
R e d i s t i l l e d  c y c lo p entanone (1 .5 2 5  mole) b .  1 3 0 -2 °  
was hydrogenated over Adams* platinum  ox ide  c a t a l y s t  
(1 g . ) a t  130-170° and 120 atm ospheres. D i s t i l l a t i o n  
affo rd ed  fo r e -r u n  (20 g . ) b . 1 2 5 -1 3 7 ° ,  fo l lo w e d  by 
c y c lo p e n ta n o l  (1 .259  mole) b. 1 3 7 -1 4 0 ° ,  shown by i n f r a ­
red spectrom etry  to c o n ta in  no k e to n e . The c .yclo-  
p en tan o l was dehydrated by r e f lu x in g  w ith ,  fo l lo w e d  by 
d i s t i l l a t i o n  fr o m ^ - to lu e n e - s u lp h o n ic  a c id ,  to g iv e  
a m ixture  o f  c y c lo pentene and w ater. The o l e f i n  was 
se p a r a ted , dr ied  and r e f lu x e d  tw ice  o v e r ,  and d i s t i l l e d  
from, f r e s h  sodium. D i s t i l l a t i o n  a ffo rd ed  c y c lo p entene
(1  mole) b .  43-44°  1*4258. McCasland and Smith
record  b .  4 3 -4 6 ,  bJ 81 .4 2 1 8 5 2 .
3 —Methyl cho l e s t -  2 - ene.
This was prepared from c h o le s t e r o l  by the f o l lo w in g
s e r i e s  o f  s t e p s ,  according to the m ethod'of Barton;
C h o le s te r o l  (20 g . ) in  e th y l  a c e ta te  (700 m l .)
was hydrogenated over Adams1 platinum  ox id e  c a t a l y s t
( 0 .6  g . ) a t  atm ospheric p ressu re :  about 10 drops
o f  p e r c h lo r ic  a c id  (ANALAR 70$) was added to  cata lyse:
the  r e a c t io n .  The uptake o f  hydrogen was t h e o r e t i c a l
a f t e r  6-7 hours . The s o lv e n t  was removed in  vacuum,
and the product hyd ro lysed  w ith  5$ e th a n o l ic  potassium
hyd rox id e  fo r  -J- to 1 hour. C h o lestan o l (17*6 g . )  m.
1 40 -2°  c r y s t a l l i s e d  out on c o o l in g .
The o x id a t io n  s ta g e  was ca rr ie d  out e x a c t ly  as
17d e sc r ib e d  i n  ‘Organic Syntheses* , Ch&lestanol
Campos-Neves and Cookson^.
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(50 g . ) gave cholestanone  (3 7 .5  g . ) .
C holestanone (35 g .)  in  e th e r  (250 m l . )  was 
added to m ethyl magnesium io d id e  (prepared from 
m ethyl io d id e  (^ 4 .2  g . ) and magnesium ( 2 .4  £ • )  in  
e th e r  w ith  s t i r r i n g .  The m ixture was r e f lu x e d  fo r  
•J- h r . , the G-rignard complex decomposed w ith  w ater  and 
then  d i l u t e  a c id .  The e th er  la y e r  was se p a r a te d ,  
washed w ith  aqueous h i  carbonate and then w ith  w ater.  
E vaporation  under reduced p ressu re  gave a m ixture o f  
the  iso m e r ic  3-m ethyl c h o le s ta n -3 a  and 3 P - o ls .  This  
crude m ixture was d i s s o lv e d  in  a s l i g h t  e x c e s s  o f  
g l a c i a l  a c e t i c  a c id  (100 m l . ) ,  12 drops o f  p e r c h lo r ic  
a c id  (AMLAR 70$) added, and heated  for  1 h r .  a t  1 00 ° .
The r e s u l t a n t  m ixture was concen tra ted  to  sm all hulk  
under reduced p r e s su r e ,  and water and then e th e r  added. 
The e th e r e a l  e x tr a c t  was washed tw ice  w ith  aqueous 
sodium h ic a rh o n a te ,  then w ith  w ater and evaporated '  
to  d r y n e ss .  The r e s u l t a n t  o i l  was d i s s o lv e d  in  
petroleum  e th er  (b . 40 -60°)  and chromatographed on 
a c t iv a t e d  alumina. The 3 -m eth y lc h o le s t -2 - e n e  
( 2 5 . 9  g . )  c r y s t a l l i s e d  on eva p oration  o f  the e lu e n t  
petroleum  dther (b . 40 -60°)  and had m. 531-2°, [a ]p  
+ 72° (CHCl^). Barton e t  a l . g iv e  m. 8 2 -3 °  + 74°.^*
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Bromotrichiorome than e
Commercial brom otrichlorom ethane was r e d i s t i l l e d ,  
the  0 0 l o u r l e s s  m iddle c u t ,  b .  1 0 3 .9 - 1 0 4 .1 ° ,  b e in g  u sed .
R e a c t io n s  were c a r r ie d  out a t  -5  to  0°C in  a 
th r ee -n e ck ed  round-bottomed f l a s k  f i t t e d  w ith  a 
mercury s e a le d  s t i r r e r .  The d in i tr o g e n  t e t r o x id e  was 
d i s t i l l e d  in  through a gas i n l e t  tube f i t t e d  w ith  a 
s in te r e d  g l a s s  d i s k ,  and rea ch in g  to th e  bottom o f  
the f l a s k .  The o u t l e t  tube was f i t t e d  w ith  a guard-  
tube o f  f i n e  mesh c h lo r id e  to prevent inward d i f f u s i o n  
o f  m o is tu r e .
R eaction s  were worked up by removing the s o lv e n t  
under reduced pressu re  (30-50  m.m. mercury) in  a
AOq
f a l l i n g  f i lm  evaporator  and a l lo w in g  the h ig h -  
b o i l i n g  product to  f a l l  in to  e i t h e r  wate£ or methyl  
a lc o h o l .  This m in im ises the r i s k  o f  decom p osition  
o f  th e  n i t r o - n i t r i t e s ^ a .
I d e n t i f i c a t i o n s  and i n a l y s e s  by I n fr a -r e d  Spectrom etry
Where compounds were i d e n t i f i e d  by in f r a -r e d
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sp e c tr o m e tr ic  m ethods, the i d e n t i f i c a t i o n  depended 
on s a t i s f a c t o r i l y  accou n tin g  fo r  a l l  the bands in  
the  r e fe r e n c e  spectrum. The ch o ice  o f  a band fo r  use  
fo r  q u a n t i t a t iv e  a n a ly s i s  depended on the band chosen  
b e in g  f r e e  from in te r f e r e n c e  by any bands b e lo n g in g  
to  e i t h e r  the same compound or any o th er  component 
o f  the  m ix tu re . As fa r  as p o s s ib le  s tr o n g  or f a i r l y  
s tr o n g  bands were chosen f o r  t h i s  purpose. They 
were c a l ib r a te d  under standard c o n d it io n s  a g a in s t  
s o l u t i o n s  o f  the r e fer e n c e  compounds. Where iso m e r ic  
co m p o sit ion s  were determined by in f r a - r e d  m ethods, 
bands were chosen which were c h a r a c t e r i s t i c  fo r  on ly  
one isom er; but where the t o t a l  iso m e r ic  q u a n t ity  
was r e q u ir e d ,  a band common to both iso m e r s ,  and o f  
as n e a r ly  as p o s s ib le  the same i n t e n s i t y  fo r  each ,  
was s e l e c t e d .
_q
For bands in  th e  1500 to 1650cm r e g io n ,  
s o lu t io n s  were made up in  t e t r a c h lo r o e th y le n e ;  and 
f o r  bands below 1100 cm"’1 s o lu t io n s  were made up in  
carbon d is u lp h id e .
The p r in c ip a l  in fr a -r e d  a b so rb tio n  bands o f  the 
v a r io u s  r e fe r e n c e  and o ther  pure compound© are g iven  
in  the appendix.
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t e t r o x id e  w ith  cy c lohexene g,nd brom otri dh l o r o -  
methane
D in itr o g e n  t e t r o x id e  (99 m i l l im o le s )  was d i s t i l l e d ,  
i n  a stream o f  oxygen, in to  a s o lu t io n  o f  c.yclohexene  
(294 m. mole) and: hrom otrichiorom ethane (980 m. mole) 
in  e th e r  (150 m l .)  a t  0°C. When the a d d it io n  o f  
I^O^ was com p lete , the green r e a c t io n  m ixture was 
s t i r r e d  fo r  -J- h r .  and then the v o l a t i l e  components 
s tr ip p e d  o f f  ( i n  the f i lm -e v a p o r a to r )  and condensed  
i n  tra p s  a t  - 8 0 ° ,  the i n v o l a t i l e  f r a c t io n  b e in g  a llow ed  
to  f a l l  in t o  w ater (200 m l . ) .
V o l a t i l e  f r a c t i o n
T his  was washed with w a ter , d r ied  (MgSO^) and 
d i s t i l l e d  to g iv e  a v o l a t i l e  f r a c t io n  b .  5 0 -1 0 4 ° ,  and 
an i n v o l a t i l e  r e s id u e  ( l O . l g . ) .  The f r a c t i o n  b o i l i n g  
a t  atm ospheric  p ressu re  was c a r e f u l ly  f r a c t io n a t e d  to  
g iv e
1 .  b .  35° (c a .  100 m l.)  e th e r
2. b . 75-85°  (sm a ll)  conta ined  a l i t t l e
c y c lo h exene
3* b .  100-104° (9 1 .0  g . , 50 .5  m l . ) .
I n fr a -r e d  spectrom etry  showed th a t  f r a c t i o n  3 c o n s is t e d
o f  a Vf° (V:V) s o lu t io n  o f  tr ic h lo ro n itr o m eth a n e  ( t o t a l ,  
3 .0 4  m. mole) in  b r o m o tr ich lo ro m eth a n e . However,
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tr ic h lo r o n itr o m e th a n e  i s  known to  decompose when 
d i s t i l l e d  a t  atm ospheric p r e ssu re ;  hence t h i s  v a lu e  
i s  a minimum.
The i n v o l a t i l e  r e s id u e  was shown by in f r a - r e d  to 
be a m ixture  o f  l -b r o m o -2 -c h lo r o cy c lo h exane and 2 -  
ch loro  c y c lo h e x a n o l , and so i t  was combined w ith  the 
corresp ond ing  f r a c t io n  below.
I n v o l a t i l e  f r a c t i o n .
This was washed s e v e r a l  t im es w ith  aqueous  
u rea  s o lu t io n  ( to  d estro y  n i t r o u s  a c id ) .  The 
aqueous washings (600 m l.)  were n e u t r a l i s e d  to  
pE5 to  6 w ith  b icarb on ate  and e x tr a c te d  co n t in u o u s ly  
w ith  e th e r  fo r  80 h r s .  Removal o f  e th e r ,  fo l lo w ed  
by d i s t i l l a t i o n  gave
1 .  b* 7 9 -8 0 ° / l 8  m.m. (1*9 &•) shown by in f r a -r e d
to  be 2 - c h lo r o cy c lo h exan o l (1 4 .1  m. m o le ) .
2* b . 7 4 - 6 ° /0 * 6 m.m. (0 .3  g . ) , which on c a r e fu l
f r a c t io n a t io n  y ie ld e d  a sm all q u a n tity  o f  
c y c lo h ex a n e -t r a n s - 1 ; 2 - d i o l , m. and mixed m. 9 9 ° ,  
w ith  in f r a - r e d  spectrum i d e n t i c a l  w ith  th a t  o f  an 
a u th e n t ic  specim en. The remainder was not  
i d e n t i f i e d .
A fte r  removal o f  s o lv e n t  from the  in s o lu b le  
f r a c t i o n ,  a w h ite  s o l i d  p r e c ip i t a t e d  and was f i l t e r e d
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o f f  (0 .2 5  g . ) m. 153-153 .5% ., i d e n t i f i e d  as c.yclo-  
hexene n i t r o s i t e  (Found C, 4 5 .7 1 ;  H, 5 .8 7 .  O alc. 
fo r  C^H^qO^I^, 45*56; H, 6 .5 7 $ )  Levy reco rd s  
m. 1 5 2 -5 3 °  d49®.
The r e s id u a l  o i l  was d i s t i l l l e d  in  vacuum to g iv e
1 .  b .  47-89  °/0 .5 ia .m . (6 .5  g . ) , m ostly  b o i le d  a t
4 7 -4 9 ° .
2 .  b . 9 4 -1 1 4 ° / 0 . 8 m.m. (1 4 .3  g . ) .
The low er  b o i l i n g  f r a c t i o n ,  shown by in f r a - r e d  
to be m ixture  o f  l -b ro m o -2 -ch lo ro cy c lo h ex a n e  and 
2 - c h lo r o c y c lo h exanol was combined w ith  the corresp ond ing  
f r a c t i o n  from th e  v o l a t i l e  f r a c t i o n .  The whole (1 6 . 4  g . )  
was t r e a t e d  w ith  85$ phosphoric ac id  in  an a ttem p t to  
se p a r a te  th e  a lc o h o l .  The phosphoric a c id  g ave , on 
d i l u t i o n ,  pure 2 - c h lo r o cyc loh exan o l (8 .9 3  m. m o le ) ,  
i d e n t i f i e d  by in f r a - r e d .  The remainder o f  the f r a c t i o n  
s t i l l  conta ined  a lc o h o l  [ I n fr a -r e d .  3400 cm ^ ,
V (0 -  H ); 1080 cm”'*', "V (C -  OH)] and the p ro p o rtio n
o f  a lc o h o l  to chloro-brom ide was th e r e fo r e  e s t im a ted  
q u a n t i t a t i v e l y  by in fr a -r e d  sp ectrom etry . This save  
the w e ig h t $  o f  2 -ch lo ro c y c lo h e x a n o l as 2 6 .7 $ ,  and 
th a t  o f  l -b r o m o -2 -c h lo r o cy c loh exane » in d e p e n d e n t ly , as  
7 3 .6 $ .  Hence t h i s  f r a c t io n  con ta in s  2 - c h lo r o c y c lo ­
hexanol (27 .8 5  m. m o le .)  and l-b h o m o -2 -ch lo ro c y c lo h exane 
(5 7 .5  m. m o le . ) .  A p o r t io n  o f  t h i s  m ixture was
chromatographed in  petroleum  e th e r  (6 .4 0 -6 0 )  on 
a c t iv a t e d  s i l i c a - g e l ,  and gave pure l -b r o m o -2 -c h lo r o -  
c y c lo h exane b .4 4 ° / 0 . 6  m.m. (Found C, 3 6 .2 3 ;
H, 5 .2 1 ;  C l, 1 7 .8 0 ;  Br, 4 0 .1 2 .  On the  assum ption  
th a t  the  s i l v e r  h a l id e  was a 1 :1  m ixture o f  c h lo r id e  
and bromide. C alc , for  C6H10BrCl C, 3 6 .4 8 ;  H, 5 .1 0 ;  
01 , 1 7 .9 5 ;  Br, 4 0 .4 6 $ ) .
The h ig h er  b o i l i n g  f r a c t io n  was tr e a te d  w ith  
85$ phosphoric  a c id  and r e d i s t i l l e d  to g iv e  an o i l  
(1 1 .5 5  g .)>  which c r y s t a l l i s e d  on c o o l in g .  By 
d i l u t i n g  w ith  petroleum e th er  (b . 50-60°) and c o o l in g ,  
c r y s t a l l i n e  2 -bromo- l - n i t r o c y c l ohexane (2 0 .2  m. m o le .)  
was o b ta in ed . C o lo u r le s s  p l a t e s  m. 3 8 .5 - 3 9 .5  a f t e r  
r e c r y s t a l l i s a t i o n  from petroleum e th er  (b . 6 0 -80 °)  
(Found: C, 35 .0 5 ;  H, 4 .9 4 ;  N, 6 .6 0 ;  Br, 3 8 .1 8 .
C6ff10 °2 NBr r e l u i r e s  G> 34 .63 ; H, 4 .8 4 ;  N, 6 .7 3 ;
Br, 3 8 .4 1 $ ) .  X ciax 279 mp, l o g  £ 1 .3 7 ;  X min 255 
( 1 .2 2 ) .  This i s  probably the tr a n s  isom er. A 
comparison o f  the  in f r a - r e d  spectrum of the r e s id u a l  
o i l  w ith  those  o f  2 -b r o m o - l-n i tr o c y c lo h e x a n e ,
1 - n i  tro  cy c lo h exene and 2 - chior o cy c lo h e x y l  n i t r a t e  
showed th a t  i t  c o n s i s t e d  o f  a m ixture o f  th e se  th r e e  
compounds and probably contained  a l i t t l e  l-b ro m o -2 -  
c h lo r o c y c lo h exane. Q u a n tita t iv e  a n a ly s is  by in f r a - r e d
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sp ec trom etry  gave:
1 - n i t r o c.yclohexene ( 1 5 2 0  cm-*1 ) 0 . 6 8 4 mmai/g.
2 -b r o m o - l -n i tr o  cyclohexane ( 1 5 5 0  cm- 1 ) 5 . 4 2 2  M
2 -c h lo r o c y c lo h e x y l  n i t r a t e  ( 1 6 4 5  cm"*1 ) 0 . 8 5 0  M
l-b r o m o - 2 -ch lo ro c y c lo h e x a n e  (by d i f f e r e n c e )  0 . 2 4 6  11,1
Garins a n a ly s is  f o r  t o t a l  ha logen  f i t t e d  t h i s  
r e s u l t .  (Pound: 8 5 .5 $  mixed s i l v e r  h a l id e .  Gala.
8 4 . 6$).
Table IX g iv e s  the amounts o f  th e  v a r io u s  compounds 
d e te c te d .
TABLE IX
Compound m.mole p r e sen t
2 -E r o m o -l-n i  tro  cyc loh exane ! m 56 .15  ;:
2 -C h lo r o c y c lo h exanol 52 .1
2 —Ghlorocy c loh exyl. n i t r a t e  7»74
l-B r o m o -2 -c h lo r o cy c lo h exane 59*74
T rich ioron itrom ethane not l e s s  than 5 .0 4
cycloHexene n i  tro s i t e  H ff 11 1 * 6
1 -N i t r o  cy c lo h exene 6 * 2
$  Recovery on cyc loh exane = 65$; on ^2 ^ 4  =
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D in itr o g e n  t e t r o x id e  w ith  c y c lo hexene
D in itr o g e n  te t r o x id e  (331*5 m* mole) was 
d i s t i l l e d  in  a slow stream of. oxygen, in to  c.yclohexene  
(376 m. m ole) in  e th e r  (350 m l .)  a t  0 °0 .  The 
s o lv e n t  was s tr ip p e d  o f f  and th e  i n v o l a t i l e  products  
s t i r r e d  (-J- h r . )  w ith  warm w ater (200 m l.)  and tr e a te d  
w ith  urea u n t i l  a n e g a t iv e  s t a r c h - io d id e  t e s t  was 
o b ta in ed . The p ro cess  was rep eated  3 t im es w ith  
100 m l. p o r t io n s  of w ater . The aqueous e x tr a c t s  
were combined, n e u t r a l i s e d  to pH5 to 6 w ith  b ica rb on ate  
and co n t in u o u s ly  e x tr a c te d  w ith  e th er  fo r  80 h r s .
The e x t r a c t  was evaporated and the r e s u l t a n t  o i l  
d r ie d  by adding benzene and d i s t i l l i n g  the water out  
a z e o t r o p ic a l ly .  D i s t i l l a t i o n  under reduced p ressu re  
gave a m ixture of the iso m e r ic  2 -n i t r o c y c lo h e x a n o ls  
h . 7 6 - 8 0 ° /0 * l  m.m. (127 .5  m. m o le .;  3 8 .5 $ ) .
The w a te r - in s o lu b le  f r a c t io n  was d r ied  a z e o t r o p ic a l l#  
and d i s t i l l e d  to g iv e
1 .  b . 4 0 -9 3 ° / 0 . 4 m.m. (5 .2  g . ) shown by in fr a -r e d  
to  be m ainly  1 - n i t r o c y c lo h exene [4 0 .9  m. m o le . ,  
a s  1 - n i  tro  c.yclohexene; 1 2 .3 $ ] .
2 m h .  9 3 -1 0 4 ° /0 * 4  m.m. (14 .5  g . ) shown by in f r a - r e d  
to be a m ixture o f  2 - n i t r o c y c lo h exy l n i t r a t e  and 
1 2 2 -d in itr o c y c lo h e x a n e .
3 # b . 1 0 5 -120 ° /0*4  m.m. (1 0 .1  g . ) shown by in f r a ­
red to be mainly 1 ; 2 -d in it r o  c y c lo h exane w ith a 
l i t t l e  n i t r a t e .
The m ixture  o f  ep im eric  2 - n i t r o c y c lo h ex a n o ls  was 
f r a c t io n a t e d  in  a column o f  12 t h e o r e t i c a l  p l a t e s  
to  g iv e
1 .  b . 7 4 • 5 - 8 2 ° / l .O  to 1 .3  m.m.
2 .  b. 8 1 . 5 - 8 4 ° / 0 .9  to 1 .3  m.m.
3 .  b . 84 .5-87 /^1 .4  to 1 .5  m.m.
4 .  b . 8 7 -8 8 ° / l . 7 m.m.
+ r e s id u e  n o t  d i s t i l l e d .
The r e s id u a l  o i l  c r y s t a l l i s e d  on c o o l in g ,  and f r a c t i o n  
4 d id  so a f t e r  seed in g . S.e c r y s t a l l i s a t i o n  from c h lo r o -  
form -petroleum  eth er  (b . 6 0 -8 0°)  gave c o lo u r le s s  
n e e d le s  o f  t r a n s - 2 -n itr o  c y c lo h e x a n o l , m. 4 6 .5 - 4 7 .5 ° .  
(Pound: 0 , 4 9 .7 4 ;  H, 7*42; N, 9 -5 7 .  C alc , f o r
C6Hl l ° 3 lr C’ 4 9 *6 2 ! H» V.54; N, 9 .6 5 ° /) .  "X max 279 mj*.,
l o g  £ 1 .5 4 ;  Amin 255 mji ( 1 .2 9 ) .  A comparison o f  
the in f r a - r e d  spectrum of f r a c t i o n  1 w ith  th a t  o f  the  
c r y s t a l l i n e  tra n s  a lc o h o l  showed th a t  i t  was the c i s  
isom er.
S tereo ch em istry  o f  the a d d it io n  o f  d in itr o g e n  
t e t r o x id e  to  c y c lo hexene
The r e a c t io n  was c a r r ie d  out as above, but in  order  
to m inim ise  the form ation  o f  n i t r a t e ,  which l e v y  had
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shown to be favoured by o x y g e n ^ a a stream o f  n i t r o g e n
was bubbled through the r e a c t io n  v e sse l-  as the ^2 ^ 4
was d i s t i l l e d  in to  i t .  ^2 ^ 4  ^ ^ 8  m. mole) was r e a c te d
c.yclohexene (189 m. m o le ) .  A fte r  working up
as above, the aqueous l a y e r s  gave, a f t e r  e x t r a c t io n
and d i s t i l l a t i o n ,  2 -n i  tro  e y e lo h exanol (4 2 .8  m. m ole) ,
which on c o o l in g  and se ed in g  gave c r y s t a l l i n e  a lc o h o l
(7*59 m. m o le ) .  Of t h i s  c r y s t a l l i n e  2 - n i t r o c y c lo h e x a n o l ,
3 .3 4  m. mole was reduced w ith  p a l la d i s e d  c h a r c o a l^
and hydrogen. The uptake o f  hydrogen was t h e o r e t i c a l
i n  2-J- h r s .  A fter  removal o f  c a t a l y s t  and s o lv e n t
(e th a n o l)  , the c r y s t a l l i n e  amine was tr e a te d  w i t h  dry
hydrogen c h lo r id e  in  e th er -ch loro form  s o lu t io n .  The
amine h yd roch lor id e  was f i l t e r e d  o f f ,  washed w ith
anhydrous acetone and d r ie d .  B e n z o y la t io n  accord in g
A ftto  the  method o f l e f f l e r  and Adams , fo l lo w ed  by
r e c r y s t a l l i s a t i o n  from eth anol gave t r a n s - 2 -b e n z o y l-
amino cy c l  ohexanol (2 .5 6  111. m o le .)  m. 1 6 8 -9 ° ,  undepressed
on adm ixture w ith  an a u th en t ic  specimen prepared by
51the method o f  McCasland e t  a l  . Of the  o i l  rem aining  
a f t e r  the removal of th e  c r y s t a l s ,  6 .8 8  m. mole was 
reduced as above, and the amine b en zo y la ted  to g iv e  
4*71 m. mole o f  N-benzoyl d e r iv a t iv e .  A f te r  f r a c t i o n a l
1*0
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c r y s t a l l i s a t i o n  in to  4 f r a c t i o n s ,  the c i s —tra n s  
co m p o sit io n  was determined by thermal a n a l y s i s .  
Further c r y s t a l l i s a t i o n  of the le a d in g  f r a c t i o n  
gave pure c i  s -  2-b enzo.yl amino cy c l  ohexanol m. 184 -5°  
u n d ep ressed  on adm isture w ith  a sample prepared by 
the method o f  McOasland e t  a l ^1 .
F r a c t io n  1 2  3 4
w t. (m g.) 360 50 283 297
m .p . 165 -79-81  146-8 -158  146 -8 -5 4  1 4 6 -5 8 -6 2
fo t r a n s  8 53 67 82
w t. tr a n s  (mg.) 2 8 .8  26 .5  189 243
T ota l w t. = 990 mg.
T ota l w t. trans. = 487 mg.
Therefore  c i s : tra n s  r a t io  in  2 -n i  tro  oy c lo hexanol as  
i s o l a t e d  from the r e a c t io n  i s  4 1 .8 : 5 8 .2 .
A p o r t io n  o f  the in s o lu b le  o i l  ( d i n i t r o c .yclo-  
hexane f r a c t io n )  from t h i s  experiment was chromato­
graphed in  benzene s o lu t io n  on a c t iv a t e d  s i l i c a —g el  
and a c r y s t a l l in e  sample o f  1 : 2 - d i n i t r o c y c lo h exane 
o b ta in e d .  A fter  r e c r y s t a l l i s a t i o n  from chloroform -
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petroleum  e th er  (b . 60-80°) t h i s  save c o lo u r le s s  
n e e d le s  o f  (probably t r a n s ) 1 ;2 —d i n i t r o c y c lo h exane 
m. 4 5 -6 °  (Found 0 ,  4 1 .7 ;  H, 5 .5 ;  N, 1 6 .3 .  C alc ,  
fo r  86H10 04K2 C, 4 1 .4 ;  H, 5 .8 ;  N, 1 6 .1 # ) .
A ttem pts to  e s t a b l i s h  the s te re o ch em is tr y  by c a t a l y t i c  
h y d ro gen ation  to  the  diamine ( tra n s  isomer known)®^ 
were u n s u c c e s s f u l .
l e s t  fo r  i s o m e r is a t io n  o f  2 -n i t r o c y c lo hexanol
t r a n s - 2 - N i t r o c y c l ohexanol (7 .6  m. mole) m. 4 4 -6 °  
was d i s s o l v e d  in  w ater  (20 m l.)  and added to 0 .2  M 
n i t r o u s  ac id  s o lu t io n  (20 m l . ) .  A fte r  !-§- h o u rs ,  
urea  was added to d e s tr o y  the n i t r o u s  a c id ,  and a f t e r  
a fu r th e r  20 hours, the s o lu t io n  was n e u t r a l i s e d  to 
pH5 to  6 w ith b ica rb o n a te . I t  was then e x tr a c te d  
w ith  e th e r  fo r  80 h r s .  , the e x tr a c t  evaporated and 
d r ie d  a z e o t r o p i c a l l y . On complete, removal o f  the  
benzene, the a lc o h o l  (6 .9  ni. m o le .;  91#)- c r y s t a l l i s e d ,  
and had m. 4 3 -6 ° ,  undepressed on admixture w ith  s t a r t in g  
m a t e r ia l .  Therefore no ap p rec iab le  amount o f  
i s o m e r is a t io n  had taken p la c e .
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‘tetroxide: w ith  1 -m eth y lcyclohexene  
D in itr o g e n  t e tr o x id e  (26 7 .5  m. mole) was 
d i s t i l l e d  i n  a slow stream of n i t r o g e n  in to  a 
s o l u t i o n  o f  1 -m eth y lc^clohexene (3 12 .5  m. mole) 
i n  e th e r  a t  —5°C. The dark b lue  r e a c t io n  m ixture  
was s t r ip p e d  and the  product a llow ed to  f a l l  in to  
u rea  (14 g . ) in  methanol (100 m l.)  a t  - 8 0 ° .  The 
s o l u t i o n  was allow ed to warm, to —4° o v e rn ig h t  and 
the n i t r o s i t e  (1 .2 6  g . ) f i l t e r e d  o f f .  The methanol 
was removed under vacuum and the r e s id u a l  o i l  
d is s o lv e d  i n  benzene-petroleum  e th er  (h .8 0 -1 0 0 )  and 
e x tr a c te d  w ith water (10 x 20 m l . ) .  The organic  
l a y e r  was evaporated under reduced p ressu re  and 
gave a green  o i l  (3 8 .9  &•) which had bands in  the  
in f r a - r e d  a t  1633 (w .) and 1290 (w .) due to sm all  
amounts o f  n i t r a t e  e s t e r ,  and a t  1550 ( v . s . )  and 
1372 ( s )  due to an a l ip h a t i c  M tr o -g r o u p . A very  
weak band a t  3480cm”1 showed th a t  th e  f r a c t io n  conta ined  
on ly  a very sm all amount o f  a lc o h o l .  D i s t i l l a t i o n  
o f  a p o r t io n  o f  t h i s  o i l  gave a pale  y e l lo w  o i l  
b . 1 1 0 ° /0 * 2  m.m., which s o l i d i f i e d  on c o o l in g .  
C r y s t a l l i s a t i o n  from chloroform - c y c lo h exane gave 
n e e d le s  m. 8 8 -9 0 ° .  Sublim ation a t  5 0 ° /0 .0 5  m.m.
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gave c o lo u r l e s s  1—m ethyl—tra n s—1 : 2 - d i n i t r o c y c l o - hexane  
m. 8 9 -9 0 * 5 ° .  (Pound C, 44 .76 ;  H, 6 .0 5 ;  H, 1 4 .6 5 .
°7 H12°4 l;r2 r e l u i r e s  0 ,  44 .6 8 ;  H, 6 .4 3 ;  R, 14.88% ).
The s t e r e o —chem istry was a ss ig n e d  by analogy witb. th e  
corresp on d in g  a lc o h o l  (b e lo w ), and on the  s t e r e o -  
s p e c i f i c i t y  o f  the r e a c t io n .
The aqueous e x tr a c t s  were n e u t r a l i s e d  to pH5 to 6 
and e x tr a c t e d  w ith chloroform  (10 x 20 m l . ) .  The 
e x t r a c t  was evaporated to dryness to  g iv e  a p a le  
green o i l  (6 .0 3  g . ) which c r y s t a l l i s e d .  R e c r y s t a l l i s ­
a t io n  from ch loroform -c y c lo h exane gave p a le  y e l lo w  
n e e d le s  (3 .3 4  g . )> which were sublimed a t  4 0 - 5 0 ° /0 .0 2  m.m. 
g iv in g  c o lo u r le s s  n e e d le s  o f  1 -m ethyl- ' tr a n s -2 -n i t r o -  
c y c lo hexanol (3 .2 6  g . ) m. 7 1 -2 ° ,  (Pound G, 52 .77 ;
H, 7 .8 9 ;  N, 8 .8 8 .  C^E^O^N r e q u ir e s  C, 52 .81 ;
H, 8 .2 3 ;  R> 8.80% ), A max 282 mj*, l o g  £ 1 .8 2 ;  A m in  
257 mjx ( 1 . 5 7 ) ,  and r e s id u e  (80 m g .) .  The mother  
l iq u o r s  were evaporated to dryness and sublimed to  
g iv e  1-me t h y l - t r a n s - 2 - n i t r o cycloh exanol (1 .4 6  g . )
(shown by in fr a -r e d  to conta in  a l i t t l e  o f  a c a r b o x y lic  
a c id )  and r es id u e  (0 .6 6 7  g .)  -  a m ixture o f  a lc o h o l  
and a c id .  Recovery (5 .467 g . ) was 91%. Of t h i s  
85% (4 .6 6  g . )  was pure 1-me t h y l - t r a n s - 2 -n i  tro  c y c lo -  
h e x a n o l ,  and the remainder was m ainly an u n id e n t i f i e d  
c a r b o x y l ic  a c id  p lu s  i n v o l a t i l e  ta r s  ( i n f r a - r e d ) ;
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bu t see  l a t e r .
1 -Me thy 1 - 2 - n i  tro c y c lo h exanol (200 mg.) m. 7 1 -2°  
was c a t a l y t i c a l l y  hydrogenated, the  c a t a l y s t  removed, 
and dry hydrogen c h lo r id e  p a ssed . A fte r  eva p oration  
to  d r y n e ss ,  t h i s  gave amine hyd roch lor id e  (145 mg.;
70$) m. 1 6 0 -1 6 1 * 5 ° ,  undepressed on admixture w ith  a 
s y n t h e t i c  sample o f  1-met h y l - t r a n s - 2 -am ino-c y c lo ­
h exan o l h y d ro c h lo r id e .  B en zo y la t io n  a ccord in g  to
ARth e  method o f  L e f f l e r  and Adams gave pure 1 -m eth y l-  
tra n s-2 -b en zo y la m in o e y c lo h exanol m. 1 7 9 -8 0 ° ,  undepressed  
when mixed w ith  an a u th e n t ic  sample, and w ith  an 
i d e n t i c a l  in f r a - r e d  spectrum.
D i s t i l l a t i o n  o f  the r e s id u e  )0 .6 6 7  g * ) from the  
a lc o h o l  su b lim a tio n  gave a p a le  y e llo w  o i l  (0 .3 4  £ •)  
b .  ca . 9 0 ° /0 .1  m.m. and i n v o l a t i l e  ta r  (0 .3 1  g . ) ® 
R edu ction  o f  the d i s t i l l e d  o i l  (175 m g.) gave, a f t e r  
working up , 1 -m e th y l- t r a n s - 2 - amino c y c lo hexanol  
h y d ro c h lo r id e  (64 mg.; 35$) w ith  in f r a - r e d  spectrum  
i d e n t i c a l  w ith  t h a t  o f  an a u th en tic  sample. There 
was no ev id en ce  fo r  the presence o f  any o th er  amine.
D eu tera tio n  o f  1 -m ethyl- t r a n s - 2 - n i t r o c y c lo h exanol  
gave the  0 -d e u te ra te d  a lc o h o l .  A comparison o f  i t s  
in f r a - r e d  spectrum with th a t  o f  the undeuterated  
a lc o h o l  showed th a t  both  e x is t e d  as m ix tu res  o f  the  
e q u a to r ia l  and a x ia l  conform ational isom ers .
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OH
CH
NO,
(O-H) 5480 cm-1
(C -  OH) (e )  992 cm"”1
(a) 928. cm""1 
1542 "(HOp as)  
(NO,, s ) 1367
Ot>
NO.
V (0-D)
V (C-OD)(e)
(a)
V  (N02 as)
V  Cn o2 s )
2605 cm 
994 "
929 "
1542 *>
1567 "
-1
Tracer d e u te r a t io n  experim ents were a l s o  c a rr ie d  
out to  determ ine the number o f  hydrogen atoms 
exchangeable  under ac id  c o n d it io n s .  1-M ethyl—tr a n s-
2 -n f  tro  c y c lo h exanol (192 .5  mg.) was d i s s o lv e d  in  
m ethanol (11 .8165  s . )  and deuterium ox ide  (65*5 mg.) 
added. T’or s o lv e n t  $ D/D + H = 2 .2 5 4 $ .
fo D/D + H in  n i t r o - a lc o h o l  for  1 atom exchanged
= 0 .1 7 5 5 $  
for  2 atoms exchanged  
= 0.54669$.
One sm all drop, o f  conc . hyd ro ch lo r ic  acid  s u f f i c i e n t  
to  take the pH to 1 to 2 , was added, and the s o lu t io n
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l e f t  a t  room tem perature f o r  ca . 18 h r s .  The 
m ethanol was removed under vacuum, and the s o l i d  
n i t r o - a l c o h o l  tr a n sfe r r e d  to a combustion b oat in  a 
d ry -b o x . The atom fo o f  deuterium in  the w ater  
produced by combustion was determined from the  
i n t e n s i t y  o f  the  HOD band a t  2480 cm”1 in  the in f r a - r e d .
Pound Atom °/o deuterium = 0.2449?
. Atoms hydrogen exchanged = 1 .2 9 .
D in itr o g e n  te tr o x id e  w ith  c y c lo pentenc
D in itr o g e n  t e t r o x id e  (212 m. mole) was d i s t i l l e d  
i n  a s low  current o f  oxygen in to  a s o lu t io n  o f  
o y c lo pentene (235 m. mole) in  e th er  a t  0 ° .  The 
r e a c t i o n  was worked up by s t r ip p in g  the p rodu cts  in to  
m eth a n o lic  urea s o lu t io n  (100 m l.)  a t  - 8 0 ° .  The 
m ethanol was a llow ed to warm to - 4 ° ,  o v e r n ig h t ,  and 
then  removed under vacuum. Water (30 m l.)  was added 
and th e  o i l  e x tr a c te d  with w ater (5 x 30 ml. + 20 x 10 m l .)  
The r e s id u a l  o i l  (1 3 .4 8  g . ) was shown, by in fr a -r e d  
sp ec tro m e try ,  s t i l l  to  conta in  a l i t t l e  a lc o h o l  
[ V (0 -  H) 3400 cnT1 ]; but was not worked up fu r th e r .
The aqueous e x tr a c t s  were n e u tr a l is e d  to pH5 to 6 and 
e x tr a c te d  with m ethylene ch lo r id e  (20 x 20 m l . ) .
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E vap oration  gave a p a le  y e llo w  o i l  (1 5 .2 7  g . ) shown 
by in f r a - r e d  to con ta in  a p p rec ia b le  q u a n t i t i e s  o f  a 
c a r b o x y l ic  a c id .  I t  was d i s s o lv e d  in  benzene and 
e x tr a c te d  tw ice  w ith  5$ aqueous b ica rb o n ate  s o l u t i o n .  
E vap oration  o f  the benzene la y e r  gave an o i l  (13*03 g* ) 
shown by in f r a -r e d  to be mainly a n i t r o - a l c o h o l .  This  
o i l  was d i s t i l l e d  under vacuum to  g iv e
1 .  b . 7 8 -9 ° /0 .2 5  m.m. (8 .9  g*)
2. . b .  79 -82° /0*25  m.m. (1 .2 3  g . )
3 .  R esidue (2 .9  g. ) which underwent a low -ord er  
e x p lo s io n  on attempted d i s t i l l a t i o n .  The in f r a - r e d  
spectrum o f  the d i s t i l l e d  a lco h o l  showed only a very  
sm all band a t  1706 cm""1 [ V  ( 0 = 0 ) ] ,  to g e th e r  w ith
str o n g  bands a t  3380 C V  (0 -  H )] ,  1550 [ V  (NOg a s ) ] ,
1374 C V (E02 s) ] and 1092 cm”1 [?^ (OH)] c o n s i s t e n t  
w ith  i t  b e in g  a n i t r o - a lc o h o l .
The n i t r o - a lc o h o l  (9*7 m. m ole) was reduced  
c a t a l y t i c a l l y  w ith  pa llad ium -charcoa l and took up the  
t h e o r e t i c a l  volume o f  hydrogen. A fte r  removal o f  
c a t a l y s t ,  dry hydrogen c h lo r id e  was bubbled in to  the  
s o l u t i o n ,  and then the so lv e n t  (e th a n o l)  evaporated  
to  d r y n e ss .  The amine hydrochloride  (6 .9 6  m. mole)  
was washed with a c e to n e , dried  and jq—n itr o b e n z o y la te d
A Q.
by the  method o f  L e f f l e r  and Adams , to g iv e  a
T ° c
A
ISO
I bO „
!ko\
-Hr
t XV; s
. 170
5lO /O
_/jTO
/*0
o %  fcVa.rtS
Ffteez-iiN/y-Po/ivr tuRVf fo\~
C I S -  < x ~ i  ^ V A V i £ - I l - ( | » ~ N / r A C > S > r N Z O Y L n i vl l i V o ) c :y c / o  P E n T R N O L
i i or
J-0
94
m ixtu re  o f  c i s  and t r a n s - 2 - (p -n it r o b e n z o v la m in o ) -  
c y c lo p e n ta n o ls  (5*43 m. m o le ) .  This m ixture  was 
f r a c t i o n a l l y  c r y s t a l l i s e d  in to  e ig h t  f r a c t i o n s ,  whose 
c o m p o s it io n s  were then  determ ined by thermal a n a l y s i s .  
F urther  c r y s t a l l i s a t i o n  o f  the  l e a d in g  f r a c t i o n  gave  
t r a n s - 2 - (p -n itr o b e n z o y la m in o )c y c lo h exanol m. 1 5 7 - 1 5 7 .5 ° .  
Me (Ja s i  and and Smith g iv e  1 6 0 ° ^  •
F r a c t io n  m °G. w t.  (mg. ) fo tran s w t. tra n s
i . 1 5 4 - 1 5 7 -1 5 7 .5 ° 232 99 22 9 .5
2 . 1 4 0 -1 5 6 .5 - 1 5 7 .5 195 9 8 .5 192
3 . 1 4 3 - 1 4 6 .5 -1 4 7 .5 323 64 20 6 .6
4 . 1 4 0 -1 5 5 .5 - 1 5 6 .5 227 9 6 .5 2 1 8 .8
5 . 140-142 33 74 2 4 .4
6 . 143-147 .119 79 94
7 . 140-142 119 74 88
8 . 140 47 74 3 4 .8
1 ,2 9 5 1 ,0 8 8 .1
95/6 r e c o v e r y .  . rfo t r a n s  = 84
T h e r e fo r e ,  c i s : tr a n s  r a t i o  in  i s o l a t e d  a lc o h o l  = 16T84.
To o b ta in  c i s - 2 - (  p -n i tr o b e n z o y l  amino) c.yclop en tan o l  
fo r  the  f r e e z i n g - p o in t  curve, some m ain ly  t r a n s -  
am in o -a lco h o l  was co n verted  to the c i s  isom er by the
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52method o f  McCasland and Smith . The (m a in ly ) t r a n s -  
2- (p -n itr o b e n z o y la m in o ) c y c lo p e n ta n o l  ( 1 .4  g . ) was 
t r e a t e d  w ith  t h io n y l  c h lo r id e  (4 t im es  e x c e s s )  fo r  
5 h r s .  a t  2 5 The th io n y l  c h lo r id e  was removed 
under vacuum and the r e s u l t a n t  o i l  t r i t u r a t e d  w ith  
e th e r  to  g iv e  a c r y s t a l l i n e  s o l i d .  T h is  s o l i d  was 
h y d ro ly sed  w ith  d i l u t e  h y d r o c h lo r ic  a c id  (2 h r s .  a t  
100°)  , f i l t e r e d  and the f i l t r a t e  evaporated  to  sm all  
b u lk . C oncentrated  potassium  hyd rox id e  s o l u t i o n  was 
added and the  p r e c i p i t a t e d  s o l i d  f i l t e r e d  ( 0 .5 5  g . ) • 
R e c r y s t a l l i s a t i o n  from aqueous a lc o h o l  gave n e e d le s  
o f  c i s - 2 - ( p —n itr o b e n z o y la m in o )c y c lo p e n t a n o l , m. 1 6 5 -6 6 ° .  
McCasland and Smith g iv e  167°^ 2 .
D in itr o g e n  t e t r o x id e  w ith  3- methy1 cho1 e s t - 2 - ene
a* Oxygen p r e sen t
D in itr o g e n  t e t r o x id e  ( 2 7 .2  m. m ole) was r e a c te d  
w ith  3 -m e th y lc h o le s t - 2 - e n e  (2 6 .6 5  m ole) i n  e th e r .
S o lv e n t  was removed a t  0° under reduced  p r e ssu re  to  
g iv e  a y e l lo w  s e m i - s o l id .  The in f r a - r e d  spectrum  
showed bands a t  1633 and 1294 cm"1 [ (PNO^as) and t)M02<s)  ] 
and a t  1552 and 1366 cm-1 [ (_uo2as) and (N02 b ) ] .
The u l t r a - v i o l e t  spectrum shov/ed no e v id e n c e  fo r  any 
n i t r i t e  e s t e r .  Chromatography o f  a p o r t io n  on
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alum ina le a d  to  ex te n s iv e ,  d e c o m p o s it io n . Chromato­
graphy on a c t i v a t e d  s i l i c a - g e l  showed th a t  the main 
p ro d u cts  were n o t  r e a d i l y  se p a r a te d ,  a lth o u g h  a sample 
o f  2 - n i t r o - 3 -meth y 1 c h o l e s t a n - 3 - y l  n i t r a t e  was o b ta in ed  
pure m. 1 5 7 -8 °  ( a f t e r  r e c r y s t a l l i s a t i o n )  (Found
C, 6 8 .3 1 ;  H, 9 .7 0 ;  R, 5 .8 0 .  G28H48°5^2 r e l u i r e s
C, 6 8 .2 6 ;  H, 9*8.1; R, 5 * 6 9 $ ) . Ihe rem ain ing
f r a c t i o n s  a l l  showed bands in  the  in f r a - r e d  a t  1518
and 1332 cm”1 , due to an a -p  u n sa tu r a te d  n i t r o - g r o u p ,  
showing th a t  e l im in a t io n  had taken  p la c e .
b.' Oxygen ab sen t
D in itr o g e n  t e t r o x id e  ( 2 4 .5  m. mole) was r e a c te d  
w ith  3 - m e th y lc h o le s t -2 -e n e  (24*5 m. mole) w ith  a slow  
stream  o f  n i t r o g e n  p a s s in g  through the r e a c t io n  
m ix tu r e .  Removal o f  s o lv e n t  gave a p a le  b lu e  semi­
s o l i d  which had in f r a - r e d  a b s o r b t io n  bands a t  165 5 ,  
1118 and 1079 cm”1 [ V (R = 0) o f  a n i t r a t e  e s t e r  and 
V (C -  0 N 0 )] ,  and a t  1555 and 1368 cm”1 [ V (RO^as) 
and V  (N 02 s ) ] .  T h is s o l i d  was d i s s o lv e d  i n  benzene  
and a m eth an o lie  urea  s o lu t io n  added to s o l v o l y s e  
th e  n i t r i t e  e s t e r .  Removal o f  s o l v e n t ,  fo l lo w e d
b y  d i s s o l u t i o n  in  b en zen e , f i l t r a t i o n  (to  remove urea)
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and e v a p o r a t io n  to d ry n ess  gave a s e m i - s o l id  w ith  
in f r a - r e d  a b s o r b t io n  bands a t  3535cm""1 [ V  (0 -  H ], 
weak bands a t  1637 and 1292 cm”1 ( n i t r a t e  e s t e r )  
and s t r o n g  bands a t  1555 and 1368 cm”1 ( a l i p h a t i c  
n i t r o - g r o u p ) . T h is  s e m i - s o l id  was d i s s o l v e d  in  
petro leum  e th e r  (b . 4 0 -6 0 ° )  and a w h ite  s o l i d  was 
l e f t  b eh in d . T h is  s o l i d  was r e c r y s t a l l i s e d  from 
b e n z e n e -e th a n o l  to  g iv e  p l a t e s  o f  3- m e t h y lc h o le s t —2 - ene 
n i t r o s i t e  m. 18.2-4°. (Pound 0 ,  7 2 .0 5 ;  H, 1 0 .4 6 .
G28H48°3^2 r e l u i r e s  73*0; H, 10 .50^ )*
The petroleum  e th e r  s o l u t i o n  o f  p rod u cts  was 
chromatographed on a c t iv a t e d  s i l i c a - g e l .  3 - m e t h y lc h o le s t -  j
2—ene ( 6 .6 2  m. m ole) was r e c o v e r e d .  E lu t io n  w ith  
b en zen e-p etro leu m  e th e r  (b . 4 0 -6 0 ° )  ( 1 : 1 ,  v :v )  gave  
s u c c e s s i v e l y  ( i )  3 - m e t h y l - 2 : 3 - d in i t r o c h o le s t a n e  (1 .8 4  g . )  
contam inated  w ith  n i t r a t e  and u n sa tu ra te d  n itro -co m p ou n d ,
( i i )  a m ixture  ( 1 .7 7  g . ) o f  the  d in itro -co m p o u n d , the  
n i t r a t e  e s t e r  and 3 - m e t h y l - 2 - n i t r o c h o l e s t - 2 - e n e ,
( i i i )  a m ixture  ( l . l  g . ) o f  the d i n i t r o —compound and 
the  u n sa tu ra te d  n itro-com pound. E lu t io n  w ith  
ch loroform -b en zene  ( 1 : 4 ,  v :v )  gave n i t r o - a l c o h o l  
(0*76 g . ) ,  fo l lo w e d  by a fu r th e r  1 .9 3  g . Both the  
a lc o h o l  f r a c t i o n s  were contam inated w ith  u n sa tu r a te d  
n itro-com pound . The f i r s t  a lc o h o l  f r a c t i o n  was
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r e c r y s t a l l i s e d  from petro leum  e th e r  (h . 4 0 -6 0 ° )  -  
benzene to  g iv e  c o lo u r l e s s  p l a t e s  o f  3 -m e th y l -2 -  
n i t r o c h o l e s ta n - 3 - o l  m. 1 3 0 - 2 ° .  (Found C, 7 5 .3 0 ;
H, 1 1 .3 7 ;  N, 3 .4 5 .  C28H4g03N r e q u ir e s  C, 7 5 .1 2 ;
H, 1 1 .0 3 ;  N, 3 .1 3 # ) .
C on tro l experim en ts  showed th a t  the n i t r o - a l c o h o l  
was d eh yd ra ted , though not q u a n t i t a t i v e l y  by s i l i c a - g e l .
A s e p a r a t io n  which gave s u b s t a n t i a l l y  pure n i t r o -  
a l c o h o l ,  w ith o u t  d e c o m p o sit io n , f r e e  from d i n i t r o — 
compound and n i t r o - n i t r a t e  e s t e r  was a ch iev ed  by 
c o u n te rc u r re n t  d i s t r i b u t i o n  betw een i s o - octan e  
( 2 : 2 : 4 - t r im e t h y l - p e n t a n e )  and {3-m ethoxy-ethanol in  a 
50 t r a n s f e r  Craig m achine. The f i r s t  25 tubes, o f  
e i t h e r  phase c o n ta in e d  m a te r ia l  shown by in f r a - r e d  
to  be n i t r o - a l c o h o l .  Attempted h yd ro g en a tio n  o f  
t h i s  m a te r ia l  w ith  p a l la d iu m -c h a r c o a l  or Adams* p latinum  
o x id e  c a t a l y s t s  gave on ly  unchanged s t a r t i n g  m a t e r ia l .
N i t r y l  c h lo r id e  w ith  c.yclohexene
H it r y l  c h lo r id e  (295 m. mole) was d i s t i l l e d  i n  a  
stream o f  oxygen in t o  a s o lu t io n  o f  c y c lo h exene  
(324 m. m ole) in  dry e th e r  (300 m l . )  a t  0 ° .  S o lv e n t  
was s t r ip p e d  from the  b lu e  r e a c t io n  m ixture  in  the
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f i lm  e v a p o r a to r ,  and the o i^ y  p rod u ct a l lo w e d  to  
f a l l  in t o  w a ter . The w h ite  s o l i d  ( 3 .9 6  g . ) ,  which  
had p r e c i p i t a t e d  during th e  r e a c t i o n ,  was f i l t e r e d  
o f f  and the o i l  d i s s o lv e d  in  pentane (50 m l . )  and 
e x tr a c te d  w ith  w ater  (5 x 50 m l. + 25 x 25 m l. +
25 x 15 m l . ) ,  s u f f i c i e n t  urea  being: added to  
decompose any n i t r o u s  a c id  formed. The r e s id u a l  
w a t e r - in s o lu b le  o i l  (2 9 .9  g . )  was d r ied  a z e o t r o p i c a l l y  
and the components, ( l : 2 -d ic h lo r o  c y c lo h exane , 2 - c h lo r o —
1—n i t r o c y c lo h exane and 2 - ch ior  o cy c lo h  e x y l  n i t r a t e )  
e s t im a te d  by a n a l y s i s  i n  the i n f r a - r e d  a b so r b t io n  
spectrum . The r e s u i l t s  are reco rd ed  below .  
D i s t i l l a t i o n  of a p o r t io n  o f  t h i s  m ixture  gave a 
f r a c t i o n  b .  7 8 - 8 5 ° / l 5  m .m ., which was d i s s o lv e d  i n  
petro leum  e th e r  (b . 4 0 -6 0 ° )  and f i l t e r e d  through  
a c t i v a t e d  s i l i c a - g e l  to g iv e  t r a n s - 1 : 2 - d i c h l o r o -  
c y c lo h exane b .  7 8 - 9 ° / l Q m.m. n ^  1 .4904*  S te v en s  
and (rrummitt r e p o r t  b . 8 8 -9 /3 0  m .m ., n ^ l . 4 9 0 4 ^ .  
C a r r o l l  e t  a l . r e p o r t  b . 7 1 .1 ° / l5 m .m . , n ^  1 . 4 9 0 2 ^ ,  
whose in f r a - r e d  a b so r b t io n  spectrum showed no t r a c e s
r j  r
o f  a b so r b t io n  due to  the c i s  isom er .
The w h ite  s o l i d  was not p o s i t i v e l y  i d e n t i f i e d ,  
b ut was ap p a ren tly  a m ixture o f  th e  d im eric
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1 - c h lo r o —2 -n i tr o s o - .  and 1- n i t r o - 2 - n i t r o s o c y c lo h e x a n e s .  
(Sodium f u s io n  showed N and 01 , a b lu e  c o lo u r  was 
formed r e v e r s i b l y  on h e a t in g  in  s o l u t i o n  and o x id e s  
o f  n i t r o g e n  were e v o lv e d  on m e l t i n g ) .  Carius  
a n a l y s i s  gave 6 .1 $  o f  c h l o r i n e ,  and on t h i s  b a s i s  th e  
m ixture  was taken to be l - c h l o r o - 2 - n i t r o  so c y c lo h exane  
( 6 .8 2  m. m ole) and 1 - n i t r o - 2 - n i t r o  so cy c lo h exane  
( c y c lo h exene n i t r o s i t e )  (1 8 .7  m. m o le ) .
The aqueous e x t r a c t s  were r e - e x t r a c t e d  w ith  e th e r  
f o r  80 h r s .  , and the o i l  o b ta in ed  d i s t i l l e d  through j
a 4 ” V ig reu x  column to  g iv e  ( i )  b . 6 8 - 7 6 ° / l2  m.m. ( 2 .6  g .  ) . j
( i i ) b .  7 6 - 8 0 ° / l 2  m.m. (Q .45g») j
( i i i ) b .  7 8 - 8 4 ° /0 .2 5 m .m .( 1 .7  g . ) 
F r a c t io n  ( i )  was shown by in f r a - r e d  to be a m ix tu re  
o f  c .yclohe x e n - 5 - o l  and 2 -c h lo r o  c y c lo h e x a n o l . C arius  
e s t im a t io n  o f  c h lo r in e  gave 19*7$ c h l o r i n e ,  e q u iv a le n t  
to  74$ o f  2 -c h lo r o c y c lo h e x a n o l  (by w e ig h t ) .  T h is  1
was i n  f a i r  agreement w ith  an a n a l y s i s  fo r  c y c lo h exen -
3 - o l  based  on in f r a - r e d  o f  30$ (by w e ig h t ) .  C a r e fu l  
f r a c t i o n a t i o n  o f  t h i s  f r a c t i o n  in  a column o f  12 
t h e o r e t i c a l  p l a t e s  gave ^
( i v )  h .  6 4 -6 6 ° / l l  m.m. c y c lo h e x e n - 3 - o l .  Phenyl 
u re th a n e  m. 1 0 6 -7 °  (Found C, 7 2 .1 0 ;  H, 7*20. C a lc .
: j j
f o r  C15H150 2N, C, 7 1 .8 6 ;  H, 6 .9 6 $ ) ,  a -n a p h th y l  j
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u reth an e  m. 155° (Pound C, 7 6 .6 ;  H, 5 .9 6 .  C alc ,  
f o r  C-j^H^y02N, C, 7 6 .3 8 ;  H, 6 .4 1 $ ) .  Clarke and 
Owen g iv e  fo r  c y c lo h e x e n - 3 - o l  h .  6 4 -5 ° / l 2  m .m .,
oo
phenyl ureth ane  In. 1 0 7 ° ,  a -n a p h th y l  u re th an e  m. 155
( v ) b .  7 8 -8 0 ° / l 2 m.m. a m ix tu re  o f  c i s  and t r a n s - 2 -  
c h lo r o c y c lo h e x a n o ls .
P r a c t io n  ( i i )  was shown bj  i n f r a - r e d  to  be a 
m ixture  o f  2 - c h lo r o c y c lo h exan o l (1 .6 7  m. m ole) and 
2 -n i t r o c y c lo h e x a n o l  (1 .5 5  m. m o le ) .  P r a c t io n  ( i i i )  
was id e n t i f i e d ,  as 2 - n i  tro  c y c lo h e x a n o l ( 1 1 .7  m* m o le ) .
TABLE X
Compound m. mole p r e s e n t
2 - c h l o r o - l - n i t r o  c y c lo h exane 102
1 : 2 - d i c h l o r o c y c lo h exane 65*2
2 - c h io r o c y c lo h e x y l  n i t r a t e  15*6
2 - c h io r o c y c lo h e x a n o l 1 6 .0
2 - n i  tro  c y c lo h exan o l 13*25
L -c h lo r  o - 2 - n i t r o  so cy c lo h exane 6.8.
1 - n i  t r o - 2 - n i  tro  so c y c l o h e x a n e  I S .  7
c y c l o h e x en -3 - o1 6 .9
T o ta l  a 244*45 m. m ole .
Y ie ld  = 83$ on n i t r y l  c h lo r id e .
♦ 102
The s te r e o c h e m is tr y  o f  the 2 - c h io r o c y c lo h e x a n o l  
f r a c t i o n  and o f  the 2 - n i t r o c y c lo h ex an o l f r a c t i o n  was 
determ ined by in f r a - r e d  sp ec tro m etry .
h a n d  (cm °/<> c i s
2—c h l o r o  c y c l o h e x a n o l  809  3 8 .6
7 9 6
2 - n i  t r o  c y c lo h e x a n o l  862 -
fo t r a n s
6 2 .3
6 2 .3
lh@ c i  s - 2 - ch loro  cy c lo h e xano1 fo r  com parison p u rp o ses
5
was prep ared  by the method o f  B a r t l e t t f and th e
23tr a n s  isom er by th e  method o f  ‘O rganic S yn th eses*  •
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.deference Compounds,
l - Bromo-2 - c h lo r o c y c lo hexane
This was prepared  accord in g  to  the  g e n e r a l  method
o-l •z
o f  Z ie g le r  and Sh ab ica  . c f .  g l s o  Goering and Sims .
A s lu r r y  o f  N-brom osuccinim ide (280 m. m ole) in
ch loroform  (60 ml#) was added i n  p o r t io n s  to  a s t i r r e d
s o l u t i o n  o f  c y c lo hexene (300 m. m ole) i n  ch loroform
(120 m l . )  w h ile  dry hydrogen c h lo r id e  was p a sse d  in to
the  s o l u t i o n  through a gas d e l iv e r y  tube, f i t t e d ,  w ith
a s i n t e r e d - g l a s a  d i s k .  A fte r  a d d i t io n  was co m p le te ,
the  su c c in im id e  was f i l t e r e d  o f f  and the o r g a n ic
l a y e r  washed w ith  water and 10$ aqueous sodium c a r b o n a te ,
and d r ie d  (MgSO^). The ch loro form  was d i s t i l l e d  o f f ,
and th e  r e s id u a l  o i l  examined by i n f r a - r e d .  T h is
showed i t  to c o n ta in  an a l c o h o l i c  im p u r ity ,  and i t  was
t h e r e f o r e  e x tr a c te d  w ith  85$ p h osp horic  a c id ,  washed
w ith  w a te r ,  d r ied  and d i s t i l l e d  to  g iv e  a c o lo u r l e s s  
o i l  ( 3 1 .2  g . )  b .  9 0 -9 1 ° / U  m .m ., n | °  1 .5 1 8 1 ,  m. - 2 2 . 5
to  - 2 1 ° .  T h is  was s t i l l  contam inated by the  a l c o h o l i c
im p u r ity ,  and so a p o r t io n  was d i s s o l v e d  i n  petroleum
e th e r  (b .  40*60°) and f i l t e r e d  through a c t i v a t e d  s i l i c a -
g e l .  D i s t i l l a t i o n  gave pure 1-bromo—2 - c h lo ro c y c lo h e x a n e
b . 5 9 - 6 0 ° /2 .5  m .m ., n ^  1*5203> m —1 1 .5  to - 1 1 ° .  As
1 0 4
th e s e  c o n s ta n t s  l i e  betw een th o se  r e p o r te d  by 
G-oering and Sims fo r  the  c i s  and t r a n s  i s o m e r s ,  t h i s  
sample i s  o b v io u s ly  a m ix tu r e .
Goering and Sims r e c o r d ‘d .
c i s  t r a n s
b .  8 7 .5 - 8 8 ° / 7  m.m. 7 6 .5 - 7 7 ° / 9  m.m.
' a 25 1 .5 2 3 8  1 .5 1 7 3
m. - 7 . 5  to  - 5 . 5 °  - 1 9 . 5  to  - 1 8 °
t r a n s - 2 - Ghloro e y e lo h e x y l  n i  t r a t  e
T h is  p r e p a r a t io n  was based on th e  two r e a c t i o n s .
E - OH + H204------ ► R0H0 + HROj 36
R .0H 0 + N20 5 ---------> R0H02 + K20 4 12b
tran&- 2 - 0 h lo r o c y c lo h exa n o l (65*3 m. m ole) ,
23prepared  a s  i n  ‘Organic S y n t h e s e s ,1 i n  dry e th e r  
was e s t e r i f i e d  by d i s t i l l i n g  d in i t r o g e n  t e t r o x i d e  
(67*4 m. m ole) in to  the  s o l u t i o n .  The n i t r i t e  e s t e r  
was o x i d i s e d ,  w ith o u t  i s o l a t i o n ,  by then  d i s t i l l i n g  -
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d in i t r o g e n  p e n to x id e  in t o  the s o l u t i o n .  Aqueous 
sodium b ic a r b o n a te  was added, to  n e u t r a l i s e  the
n i t r i c  a c id ,  and the e th e r  l a y e r  washed and d r ie d .
Removal o f  the s o lv e n t  gave an o i l  which was washed
w ith  85$ ph osp h or ic  a c id  and d i s t i l l e d  to  g iv e
tffans—■ 2—c h io r o c y c lo h ex y l  n i t r a t e  ( 4 .9 7  m. mole)
(4 .9 7  m. m ole) b . 8 8 - 9 ° /5  m.m. n^6 1 .4 8 3 0 .  (Found
C, 4 0 .4 2 ;  H ,  5 .6 0 .  CgH-^QO^RGl r e q u ir e s  C, 40.12;:
H, 5 .6 1 $ ) .
1—Me th yL tr  an s—2- amino cy c lo h exanof
T h is  was prepared by ammonolysis o f  1 -m e t h y l -
1 s 2—epoxy c y c l  ohexane 55
PhCOsH
Ho 1-me th y l  c.yclohexen e  (100 m. m o le ) , i n  ch loroform  
s o l u t i o n ,  was added a s l i g h t  e x c e s s  o f  p e r b e n z o ic  
a c id ,  prepared  by the method o f  ‘Organic Syntheses,** ^  
i n  ch loroform  a t  0 to  1 0 ° .  A f te r  2 h r s .  th e  r e a c t i o n  
was c o m p le te ,  and th e  ch loroform  was d i s t i l l e d  o f f  and
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the  r e s i d u a l  o i l  f r a c t io n a t e d  to g iv e  1—m eth y l—1 : 2 —
*1
epoxyc y c lo h exane (63 m. m ole) b .  1 3 6 -9 °  n^ 1*44-52. 
Bo&seken r e c o r d s  b .  1 3 7 * 9 - 1 3 8 .3 ° /7 5 5  m .m ., n^8 *^1.4441  
Of t h i s  19methyl~l:2-epoxycj[cLohexazLe; (37*5 m. m ole)  
and ammonia (S .  G. 0 .8 8 ;  25 ml*) were h e a te d  i n  a
s e a le d  tube a t  108° f o r  6 h r s .  The r e s u l t i n g  
s o l u t i o n  was e x t r a c t e d  w ith  chloroform  (15  x 15 m l . ) .  
E vap oration  to  d ry n ess  gave 4*92 g .  o f  crude amine 
m. 8 8 - 9 1 °* T h is  was d i s s o l v e d  i n  c h lo r o fo r m -e th e r  
s o l u t i o n  and t r e a t e d  w ith  dry hydrogen c h l o r i d e .
The amine h y d ro c h lo r id e  was f i l t e r e d  o f f  and washed 
w ith  anhydrous acetone  to  g iv e  1 -m eth y l—t r a n s - 2-am ino— 
c y c lo h exan o l h y d r o c h lo r id e  m. 1 5 6 -7 °  (33 m. m o le s , ;
8 8 $ ) .  Mousseron and Granger record  amine m. 8 9 - 9 0 °  * 
h y d ro c h lo r id e  m. 1 4 8 -9 °  •
The above h y d ro c h lo r id e  (5 m. mole)5 was b e n z o y la te d  
by th e  method o f  L e f f l e r  and Adams to g iv e  1 - m e th y l - tr a n s
2—b en z o y l  amino cy c lo h ex a n o l  (4*05 m. m ole) m. 179—180°'. 
(Pound C, 72*24; H., 8 .1 6 .  C^^jH-^O^ r e q u ir e s
C, 7 2 .0 7 ;  H, 8 .2 1 $ ) .
1—Ni tr o  cy c lo h exene
l : 2 - D in i t r o c y c lo h e x a n e  (20 g . ) was shaken w ith
«
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sodium h y d rox id e  ( 5 .2  g) i n  w ater  (100 m . l . )  fo r  
3 h r s .  The o i l  was se p a r a te d ,  th e  aqueous phase  
n e u t r a l i s e d  w ith  a c e t i c  a c id  and e x t r a c t e d  w ith  e t h e r .  
The whole o f  the o i l  was s t e a m - d i s t i l l e d ,  th e  d i s t i l l a t e  
e x tr a c t e d  w ith  e th e r ,  d r i e d ,  evap orated  and the r e s i d u a l  
o i l  f r a c t i o n a t e d  to g iv e  1 - n i t r o  c.yclohexene  
(6.9 g . ) b. 88-9°/7 m.m. n^8 1.5071, X max 257 up., 
log £3.74; i n f l e x i o n  a t  X 322 mp. (2.05). (found  
C, 56.89; H, 6.80; H, 10.84. Calo. for 
OgHqOgH 0, 56.68; H, 7.14; H, 11.02#). Levy 
e t  al. g iv e  b. 64°/ 1 m.m. B lo o m fie ld  and J e f f r e y
r e c o r d  \  max 250 mp, l o g  £ 3 .7 5 ;  i n f l e x i o n  at 
320 mjx (1.95).”
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APPENDIX
I n fr a - r e d  S p e c tr a  o f  R eferen ce  Compounds
Where bands are a s s ig n e d  to p a r t i c u la r  v i b r a t io n s
o f  f u n c t io n a l  groups , t h i s  has been done on the  b a s i s
o f  th e  g e n e r a l i t i e s  d i s c u s s e d  by B ellam y"^, Brown‘d ,
4-7and Kornblum e t . a l . .
Bxcept where i n d ic a t e d ,  a l l  s p e c tr a  r e f e r  to  
c a p i l l a r y  f i l m s .  Bands marked s are s tr o n g  bands and 
th o se  marked w are weak ones;  where no i n d ic a t io n  i s  
g iv e n  the bands are o f  medium i n t e n s i t y .  Bands marked ^ 
were used  fo r  q u a n t i t a t iv e  a n a l y s i s .  The p o s i t i o n s  
o f  bands are g iv en  in  cm”'1'. The bands n e a r  2900 , 2800  
and 1450cm”^ , due to the  C-H s t r e t c h in g  and deform ation  
v i b r a t io n s  and common to  a l l  c y c lo h exane d e r i v a t i v e s ,  
are  o m itte d .
N i t r y l  C h lor ide  T r ich lo ro n itro m eth a n e
( g a s ) 51 ( c c i 4 ) (CCl3Br)
1685 s 1665 s ^(HQo)as 1603 v*s* V(H02 )a s
131& 1512 1365
1293 a 1262 s v(U 02 ) s 1315 s \>(N02 ) s
7941 809 w 1287
900 s 
860 s  
842 s
c y c lo H exane-t r a n s - 1 : 2 - d i o l  
(N u jo l)
3300 s  V(OH) 
1354  
1293  
1075 s  
1045 s  
930 
858
6 8 0 (v* broad)
cy c lo H ex en -3 - o1
t r a n s - 2 - N i t r o cy c lo h exan o l
3560 N(0H)
3350 3415
1553 s  1552 y . s V ( l 0 2 )a s
137 6 140D s V " s
1242 1238
1070 s 1080 s V (C -0K )e
975
894
862
980
958
897 w 
862
V(C-OH)a
3330 s 
3010 
1647  
1284  
1069 s  
1053  
960 s
"V (OH)
V(=oCE)
v(o=c)
V(C-OH)
805
727 s  10JX;
o i  s - 2 - H itr o o y c lo h exan o l  
(CHOlp
3560 V(0H)
3415
1552 v . s  V(N02 )a s
1400 s V  t! j*
1230
1086 V(G-QH)e
1010
980 s V(C—0H)a *
923
888
847 w 
827
1-Me t h y l - t r a n s - 1 : 2 - d i n i t r o -
t r a n s - 1 : 2 - D m it r o  cy c l ohexane cyclo h ex an e
(CHCl^) (H ujol)
1560 v . s *  1568 v* a«V(KQo)as 1556 s . 1568 s  v (N 0 2 ) a s
1557 1550 1553
1382 s .  1388 V ” S 1401 1396 6 (C H )in  C—M'
1535 1336 1380 s . 1375 s  V(itf02 ) s
1284 1288 1361 1360
1132 1140 1334 1333
904 910 1319
754 882 883
740 763
684
1 -M e th y l- t r a n s - 2 - n i  tro cy c l  ohexanol
(U u jo l)  (GHCljjOH) (CHC13 5 0D)
3295 s 3480 V (OH)
3240 3368
2605 V(0D)
1550 s 1545 s 1542 s V(3!ir0o) as
1390 1380 1382 £ (OH) in C-Me
1340 s  13^6 s 1367 s VOST02 ) b
1226 1220
1170
1154 1154 .
1129 . 1130 S (0H)e
1118. 1 1 1 a
1010 1062 £ (OH)a
1 0 0 1  m 2 994 V(C-OH) , V (C-OD)e
928 929 V (0-0H ) * V(C-OD)a
867 862 862
741
1 - Me t h y l - t r  an s - 2 - b enzoylapiino c y c l  oh exanol  
(N u jo l)
V (OH) 1242
V(MHJ 1154
3385 
3270 
1640 s 
1550 s 
1332
Amide I  
Amide I I
989
925
840
V (O-OH)e 
V (C -0H )a
696 s Arom atic (CH)
3—Me t h y l -  2—n i t r o -  
c h o l e s t a n - 3 - y l - n i t r a t e
(KOI d i s c )
1630 s  V (0H02 )a s
1555 s V(H02 )a s
1380 ^  (GH)in G-Me
1364 »  (H02 ) a
1296 s V  (QH02 )j3
1282 s
1254
861 a
3 -Me t h y l —2 - n i t  ro -  
c h o le s t a n - 3 - o l
(Hlorube) (H ujo l)
3470 3470 V (OH)
1545 s
1370 a
1124  
956
1545 s  V(H02 ) a s  
V(N02 ) s
7 3 3
t r a n s - 1 : 2 - l i c h l o r o cy c l  ohexane c i s - 1 : 2 - l i c h l o r o cy c l  ohexane  
-> % 7 6 _ m i l .  T T  f  r r a  1 7 6(C S o )^  se e  a l s o  l a b l e j i .'2 
1227  
1010 
985 
917 s
870
847
833
823
749^8 V (C-Clje, 
741J
702 V (C -0 1 )a  •
t r a n s - 2 - 0 h lo r o c y c lo hexanol
r
(CSp) see also  Table JL 
3540 V (OH)
1224
1212
1081
103&
959
s  V(C-0H)
732 V (C-Cl)e,
(cs2)
1242
990 s 
909 S 
889+s
840
820
746 s  ->>(C-Cl)e 
702 V(C -Cl)a
o i s - 2 - C hloroc y c lo h exan o l  
(CS2)
3530 V (OH)
1220
10801s V (0-0H)
1071J 
991
809*
731 V (0—Cl)_e 
689+w V (C -C l)a
A l l  the  s p e c tr a  rep orted  were reco rd ed  on a 
Perkin-E lm er Model 13 I n fr a -r e d  S p ectrom eter  equipped  
w ith  a soeLium c h lo r id e  o p t i c a l  system .
